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ABSTRACT
In this study, a new Galactic novae catalogue is introduced collecting important parameters of
these sources such as their light curve parameters, classifications, full width half maximum
(FWHM) of Hα line, distances and interstellar reddening estimates. The catalogue is also
published on a website with a search option via a SQL query and an online tool to re-calculate
the distance/reddening of a nova from the derived reddening-distance relations. Using the novae
in the catalogue, the existence of a maximum magnitude-rate of decline (MMRD) relation in
the Galaxy is investigated. Although an MMRD relation was obtained, a significant scattering
in the resulting MMRD distribution still exists. We suggest that the MMRD relation likely
depends on other parameters in addition to the decline time, as FWHM Hα, the light curve
shapes. Using two different samples depending on the distances in the catalogue and from
the derived MMRD relation, the spatial distributions of Galactic novae as a function of their
spectral and speed classes were studied. The investigation on the Galactic model parameters
implies that best estimates for the local outburst density are 3.6 and 4.2×10−10 pc−3 yr−1 with a
scale height of 148 and 175 pc, while the space density changes in the range of 0.4−16 ×10−6
pc−3. The local outburst density and scale height obtained in this study infer that the disk nova
rate in the Galaxy is in the range of ∼ 20 to ∼ 100 yr−1 with an average estimate 67+21
−17 yr
−1.
Key words: Cataclysmic Variables: Novae, distances
1 INTRODUCTION
Novae are defined as systems with the largest outburst amplitude
among other sub-types of cataclysmic variables, which is a short-
period interacting binary system containing awhite dwarf (WD) and
a donor star (Warner 1995). A nova outburst occurs on the surface of
awhite dwarfwherematerial accumulates from a donor star until the
pressure and temperature are high enough to trigger a thermonuclear
runaway that ejects the accreted envelope (Bode & Evans 2008;
Woudt & Ribeiro 2014). Systems with much smaller recurrence
times, called recurrent novae (RNe), show at least two outbursts in
the observational history, while systems classified as classical no-
vae (CN) have only one outburst discovered. The relatively massive
WDs and higher mass transfer rates in RNe probably shorten the
recurrence time (Starrfield et al. 1985; Yaron et al. 2005). Tradi-
tionally, the classification of novae is based on outburst properties.
They are classified by their speed class (Gaposchkin 1957), deter-
mined via their decline times, as fast or slow novae, by their spectral
class (Williams 1992), determined via the form of the early outburst
spectra, as Fe II, He/N or hybrid novae. Strope et al. (2010) clas-
⋆ E-mail: aykut.ozdonmez@ogr.iu.edu.tr
sified Galactic novae based on the light curve shapes into smooth
(S), plateau (P), dust dip (D), cusp (C), oscillations (O), flat topped
(F), and jitter (J). Besides, the classifications based on the outburst
properties, these systems can also be classified via the evolutionary
state of the donor star (Darnley et al. 2012) into main sequence,
sub-giant or red giant star novae; or via the population of the system
in the host galaxy (Della Valle & Livio 1998) into disk or bulge
novae.
Novae are important sources to study for a number of reasons.
For example, novae, particularly, RNe that host a high-mass WD
(likely close to the Chandrasekhar limit) with sub-giant or red gi-
ant donor star, are considered as potential progenitors of type Ia
supernovae, which are used to measure the accelerating expansion
of the Universe (Maoz et al. 2014). They are also important sources
for the enrichment of the interstellar medium in carbon, nitro-
gen, oxygen and lithium (Starrfield et al. 2009; Tajitsu et al. 2015).
They are X-ray and high energy gamma-ray sources (Chomiuk et al.
2014). Moreover, nova eruptions also allow studies of the common-
envelope process and of the shock physics (Chomiuk et al. 2014).
With the advances in recorded nova outbursts and obtained
data over the last decades, the number of novae with known funda-
mental parameters increased, and their outburst mechanism, nature
© 2018 The Authors
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of light curves and spectra became more understandable. For exam-
ple, Strope et al. (2010) represented well-determined light curves
including peak magnitudes and dates, decline times, the quiescent
magnitudes, and their light curve classes. To quantify RNcandidates
which have been classified as CN, Pagnotta & Schaefer (2014) an-
alyzed the Galactic nova sample based on the information on the
light curves and spectra, and recognized RN candidates since they
have smaller outburst amplitudes, larger orbital periods, infrared
colors indicating the existence of giant donor stars, high expansion
velocities from full width half maximum (FWHM) of Hα line at
6563 Å, high excitation lines such as Fex or He ii near outburst
peak, a light curve shape class of P-type, and WD masses greater
than 1.2M⊙ . From the new observations, the number of discovered
bulge Galactic novae were also increased (Mróz et al. 2015), and the
nova rate was calculated both for disk and bulge systems (Shafter
2017; Mróz et al. 2015).
Recently, we determined the distances of a large sample of
novae using a systematic approach (Özdönmez et al. 2016), which
depends on the reddening-distance relation derived by utilizing the
unique location of red clump stars on colour-magnitude diagrams
from 2MASS (Skrutskie et al. 2006), UKIDSS (Lucas et al. 2008))
and VISTA VVV (Saito et al. 2012) near-infrared surveys. The re-
sults are consistent with the distances inferred from parallaxmethod
within the stated errors, and the method has the advantage of be-
ing applicable to a large number of novae. Hence, the existence of
a maximum magnitude - rate of decline (MMRD) relation for the
Galaxy, which has long been questioned and has been used to cal-
culate absolute magnitudes of novae, can be investigated with these
new distances and light curve parameters.
There have been numerous characterizations of the MMRD
relation for Galactic (e.g. Cohen 1985; Downes & Duerbeck 2000)
and extragalactic nova populations (e.g. Capaccioli et al. 1990;
della Valle & Livio 1995; Darnley et al. 2006). A recent study by
Kasliwal et al. (2011) and Shara et al. (2017) has revealed a number
of apparently faint, yet relatively rapidly fading novae in M31 and
M87, which caused the authors to question whether an MMRD re-
lation is justified at all. Theoretically, the WD mass determines the
main trend of theMMRD relation, and the ignition (initial envelope)
mass, in other words, the mass-accretion rate to the WD causes the
scatter in the MMRD relation (Yaron et al. 2005; Hachisu & Kato
2010). If the mass-accretion rate to the WD is relatively larger,
the ignition mass is smaller, hence the peak brightness is fainter.
However, the heterogeneity in nova light curves suggests that a sin-
gle parameter may not characterize the decline well. Thus, other
properties such as spectroscopic behavior, light curve shape which
characterize novae in different ways may resolve the scatter in the
MMRD relation.
In this study, we compile a newGalactic nova catalogue, which
provide information on the nova population as described in Sec-
tion 2. Using the data in the catalogue, we investigate absolute
magnitude-decline time distributions to obtain the MMRD relation
of the Galactic novae in Section 3. The statistical analyses of the
Galactic novae on the decline times, absolute magnitudes at max-
imum outburst, and spatial distributions are given in 4. We also
investigate Galactic model parameters as space density and scale
height in the same section. Using the obtained Galactic model pa-
rameters, we also calculated the nova rate of disk novae. Finally,
Section 6 represents a review of the results with a discussion of the
possible uncertainties.
2 THE CATALOGUE FOR THE GALACTIC NOVAE
We compile a new catalogue of Galactic novae for which the dis-
tance information is acquirable. The catalogue contains 291 novae
and almost all their important parameters such as their light curve
parameters (amplitude A, maximum magnitude at outburst Vmax ,
decline times t2, t3), shape of the light curve, spectral, recurrence
classifications, FWHM Hα and orbital period Porb . The distances
and/or interstellar reddening estimates are crucial parameters to ob-
tain the luminosity function, spatial distributions or absolute physi-
cal parameters of these binary systems. In the catalogue, we included
all the distance information of more than 150 novae in the litera-
ture obtained from the expansion/trigonometric parallaxes or from
reddening-distance relations (RDRs; Özdönmez et al. 2016). The
distances for the remaining novae could be obtained from MMRD
relations. Besides, all reddening estimations for these nova systems
were collected from the literature together with their measurement
methods.
The distance measurements of the novae in the catalogue de-
pends on two approaches; parallax and RDR methods. The most
reliable method is the trigonometric parallax, but the number of
novae with trigonometric parallax is less than 10 in the entire ob-
servational history even with GAIA DR1 (Gaia Collaboration et al.
2016). Distances can also be calculated by following the expansion
parallax method which depends on the angular expansion of the
resolved nova shell. However, it is not free from systematic biases
due to the complex structure of shells, non-uniform shell expan-
sion, inconstant expansion velocities etc. In the catalogue, ∼ 30
novae have expansion parallaxes. For some novae, e.g. LW Ser,
QV Vul, LV Vul, the distances from expansion parallaxes, deter-
mined at different phases of the outburst and/or from the profiles
of various spectral lines, show significant scatter. In the previous
study (Özdönmez et al. 2016), we utilized a new distance calcula-
tion method for these systems via RDRs that helped us to determine
the distances for nearly all known Galactic novae at low Galactic
latitudes. In this RDRmethod, the uncertainties of the distance mea-
surements arise from reddening estimates of novae as well as the
shallow increase in the RDRs in some directions of the Galaxy. The
comparison of the distances calculated following this method with
that from the parallax method in Özdönmez et al. (2016) showed
that two methods are in good agreement within the stated errors,
except for LV Vul, LW Ser, and QV Vul.
There are a number of studies that compile data from AAVSO1
(American Association of Variable Star Observers) and/or from lit-
erature to present the light curve properties of Galactic novae, e.g.
Warner (1987); Shafter (1997); Burlak & Henden (2008), but a large
number of qualified light curves with extensive time coverage (of-
ten until quiescence) that go deep and have many observations each
day are only presented by Strope et al. (2010). As mentioned in
Strope et al. (2010), the compilations, which include observations
before the AAVSO data started, missed the peak of almost half of
the novae, and correspondingly the decline times (t2, t3) are not well
determined. Besides, adopting a maximum brightness (Vmax) and
decline times during nova outburst without comprehensive knowl-
edge of the light curve shape of a nova may be erroneous. Hence, the
light curve shapes of novae in our sample were additionally checked
using the AAVSO archive and/or related studies of the nova in ques-
tion. If the novae have enough observations to clearly represent de-
clining in the light curve, we assumed that the light curve parameters
of the novae are adequately reliable. Recently, Pagnotta & Schaefer
1 https://www.aavso.org/
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(2014) analyzed the Galactic nova sample from the information on
the light curves and spectra to quantify RN candidates. FWHMHα
around the outburst maximum is one of the important parameters
along with the amplitude of the outburst, decline times, light curve
shapes and excitation lines that correspond to the recurrence of a
novae (Pagnotta & Schaefer 2014). The expansion velocity of the
ejected material in a nova outburst is measured using widths of
emission lines, generally using the Hα line. It may also help to
clarify the scatter in the MMRD relation as discussed in section 3.
Our catalogue is published on the website2. For 189 Galac-
tic novae, the RDRs were derived from the method described in
Özdönmez et al. (2016), and these relations are shown at individual
webpages. It also contains an algorithm to reproduce calculations of
either the distance or the reddening for a given value, from derived
RDRs. The website contains a main table in which the adopted pa-
rameters are given and an SQL based query can be performed to
search novae systems. All references and detailed descriptions for
the parameters are given on the website as well. The catalogue will
be updated frequently with most recent determined parameters and
new RDRs for the novae, which were not investigated.
We listed the novae in the catalogue in two tables. The novae
with distances calculated from parallaxes or RDRs are presented in
Table 5. The novae used to derive the MMRD relation are given
in Table 5a. Unreliable or questionable parameters for the novae,
which are not used in the derivation of the MMRD relation, are
listed in Table 5b. The remaining novae that do not have any distance
measurement are listed in Table 6. The light curve parameters of
the novae in Table 6a are well-determined to allow the accurate
measurements from the MMRD relation.
3 THE MMRD RELATION OF GALACTIC NOVAE
In this section, we aim to analyze the existence of the MMRD rela-
tion for the Galactic novae that has long been questioned. In order to
analyzeMMRD relations, we used only well-determined light curve
parameters and distances as given in Table 5a. Some of the novae
(e.g. CKVul, CT Ser, V2674 Oph) do not have enough observations
to obtain a reliable maximum magnitude and/or decline rates from
outburst light-curves, and are not included in the analyses. Such
novae are given in Table 5b. We also give information on the reason
of why a nova in Table 5b is not used for the investigation of the
MMRD relation. For example, the distances of the novae BY Cir,
V1301 Aql and V1493 Aql obtained from RDRs vary largely owing
to different extinction measurement methods. Even a small vari-
ation in the reddening estimate changes the distance calculation
drastically, for instance in case of V394 CrA, Q Cyg, V373 Sct,
V4160 Sgr, V5116 Sgr. For some other novae (e.g. V394 CrA,
V368 Sct), more reliable reddening measurements are required to
calculate accurate distances using this method. Since the distance
calculation is strongly correlated with the reddening estimate, we
also mark the novae where the distance calculation depends on only
one reddening estimate.
Using the Galactic nova samples in which the distance mea-
surements depends on two different approaches (parallax and/or
RDR), we plot MV,max − t2,3 distributions (see, Fig. 1) to search
for MMRD relations. For the main sample, we preferred to use the
distances from the parallax method switching to that from RDRs.
2 http://highenergyastro.istanbul.edu.tr/novae_cat
The other sample contains the novae whose distances are calcu-
lated using a particular distance measurement method. Hence, we
test systematic differences between MMRD relations obtained from
different distance measurement methods. On the other hand, a num-
ber of studies that are based on theoretical models, suggest that
the classical MMRD relation does not work properly for RNe, as
seen in Fig. 2. For these reasons, we analyzed the distributions by
separating the RNe and RN candidates from classical novae. Note
that while obtaining MMRD relations, we excluded only strong RN
candidates given in Pagnotta & Schaefer (2014), for which many of
the indicators strongly point to them being recurrent but only one
outburst has been detected.
The uncertainty in the absolute magnitude at outburst maxi-
mum was estimated by accounting for the uncertainty of the dis-
tances and extinction, but for the calculation of the total uncer-
tainty, the uncertainty in the maximum magnitude should also be
taken into account. However, the brightest observed V-band mag-
nitudes are usually adopted for the maximum magnitude during
the outburst, and it may lead to an erroneous estimate in case the
nova was detected after already passing the true maximum. This
observational effect may lead to a larger uncertainty than the typi-
cal instrumental errors on maximum magnitudes, and therefore the
uncertainty of the maximum magnitudes has usually not been con-
sidered in the MMRD studies. Similar problems exist in defining
the decline times that are usually obtained by binning or interpolat-
ing the light curves for a given maximum magnitude. There can be
multiple measurements of decline times for a light curve that fluc-
tuates around the given magnitude. Thus, we only considered the
novae with well-observed light-curves, and we adopted ±10% of the
maximum magnitude value as the error to represent systematic un-
certainties. Moreover, we investigated MV,max − t2,3 distributions
by considering the classification of light curve shapes to analyze
the dependence on MMRD relation due to the non-linear decline of
novae possibly arising from jitters, cusps, and dips in light curve, at
the end of this section.
We obtained MMRD relations for t2 and t3 decline times with
the use of three different novae samples according to the consid-
ered distance measurement methods. The MMRD relations appear
almost linear; MV,max = a + b × logt2,3. The coefficients of the
fit and the result from regression analyses by taking into account
uncertainties in only the y-axis are given in Table 1. The coefficients
of the MMRD relations obtained from the three different samples of
novae are within the stated errors, but the relations obtained from the
parallax+RDR sample for both t2 and t3 times have smaller slopes
(coefficient b) and larger y-intercepts (coefficient a) than that from
the other samples. Even though the novae in the RDR sample have
larger errors and show a larger scattering in absolute magnitude at
maximum, the coefficients are similar to those of the other relations.
Thus, we assume that there is no systematic bias between the de-
rived relations when different distance measurement approaches are
used. The reduced χ2 is expected to be less than 1 for considering
model to be over-fitting data, but the the χ2
red
of the MMRD rela-
tions obtained in this study are greater than 2. In addition, the ±1σ
is about 1 mag, while greatest deviations fromMMRD relations are
about 2 mag. Nevertheless, a linear equation appears to be an ade-
quately (but not fully) fit to the data. We used the MMRD relations
from the parallax+RDR sample in the further investigations, since
the relations were obtained from a larger number of novae, and have
smaller standard errors and χ2
red
. Our results are similar to the most
popular MMRD relation of Downes & Duerbeck (2000), in which
the 1σ scatter was ±0.6 mag with a deviation as large as 1.6 mag.
The previous studies on the MMRD relation show a common
MNRAS 000, 1–24 (2018)
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Figure 1. MV,max − t2,3 distributions of Galactic novae: (a,b,c) and (d,e,f) for t2 and t3 , respectively. (a, d) for the novae with distances obtained from either
parallax or RDR , (b, e) only with parallax measurements and (c, f ) only with distance measurements from RDR. In the upper panels, the black lines represent
the MMRD relation, the dashed and dotted lines show an uncertainty of ±1σ and ±2σ of the fit, respectively. The residuals are shown in the lower panels. The
names of novae with relatively larger scattering are given.
Table 1. The results of regression analyses for deriving MMRD relations
according to t2 and t3 times. Here, N is number of novae in the sample, a
and b are coefficients of the relation, y-intercept and slope, σ is standard
error of the residuals, χ2
r ed
is reduced chi-squared.
Sample N for t2 for t3
Parallax + RDR 50
a = −10.54 ± 0.30 a = −11.46 ± 0.42
b = 2.04 ± 0.23 b = 2.29 ± 0.27
σ = 0.9 mag σ = 1.0 mag
χ
2
r ed
= 2.14 χ2
r ed
= 2.34
Parallax 36
a = −10.68 ± 0.32 a = −11.64 ± 0.46
b = 2.11 ± 0.25 b = 2.37 ± 0.30
σ = 0.8 mag σ = 0.8 mag
χ
2
r ed
= 2.30 χ2
r ed
= 2.54
RDR 32
a = −11.08 ± 0.78 a = −12.11 ± 1.04
b = 2.53 ± 0.59 b = 2.80 ± 0.67
σ = 1.5 mag σ = 1.5 mag
χ
2
r ed
= 2.91 χ2
r ed
= 2.64
problem that there is considerable intrinsic scatter in the Galactic
MMRD relation and this may indicate the presence of the hid-
den second-order parameters as mentioned in Downes & Duerbeck
(2000). Thus, we investigated MV,max − t2,3 distributions (Fig.
2) considering other properties such as spectroscopic type, light-
curve shape, and FWHM Hα . The median values of the differ-
ences between the observed and the calculated absolute magnitudes,
¯∆MV (t2,3), are also given inTable 2 inwhich the novae are separated
into samples. The median values for the t2 and t3 times are increas-
ing so long as FWHM Hα gets higher. For a further investigation,
we added the RN and candidate RN (cRN) sample into the MMRD
distributions (Fig. 2a,d) by considering the FWHM Hα . Note that,
we used the distances in Schaefer (2010) and Schaefer et al. (2013)
for well-known Galactic RNe (RS Oph, U Sco, V3890 Sgr, and T
Pyx), if it did not depend on the MMRD relation, since their dis-
tances could not be calculated from expansion parallaxes or RDRs.
It is important to reveal the positions of RNe in the MMRD dis-
tributions corresponding to FWHM Hα , since the novae with high
velocities seem to be related with RNe (Pagnotta & Schaefer 2014).
MNRAS 000, 1–24 (2018)
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The absolute magnitudes of RN + cRN which have 2000 km/s <
FWHM Hα are generally fainter than those obtained from MMRD
relations, and the systems with 2000 6 FWHM Hα < 3500 km/s
seem to trace different lines: −10.03(±0.45) + 2.9(±0.3) logt2 and
−12.3(±0.55)+3.7(±0.4) logt3. For 3500 km/s 6 FWHM Hα , the
trends are almost vertical, but we did not find significant relations
from regression analysis owing to large scattering. Note that, we
adopted the intrinsic errors of the distances of RNe, but the dis-
tances of some RNe differ strongly in the literature. We also tried to
obtainMMRD relations by separating novae according to their light
curve shape and spectral classifications, but they are all consistent
with those obtained using all novae when taking into account the
error of the coefficients. The following relations were obtained for
samples in which number of novae is greater than 5;
• for S: −10.3(±0.9) + 2.1(±1.1) log t2
−11.3(±1.3) + 2.5(±1.1 log t3
• for P: −11.4(±1.2) + 2.3(±1.2) log t2
−12.0(±1.6) + 2.2(±1.2) log t3
• for D: −11.3(±0.7) + 2.4(±0.4) log t2
−13.1(±1.2) + 3.3(±0.7) log t3
• for Fe II: −10.7(±0.3) + 2.1(±0.2) log t2
−11.7(±0.5) + 2.4(±0.3) log t3
• for He/N+Hybrid: −10.6(±0.8) + 2.4(±0.9) log t2
−11.5(±1.0) + 2.3(±0.8) log t3
The MMRD relations for subsamples are all similar with only small
differences in the coefficients. Only the relation for the D-type could
be slightly different one. In contrast, the novae with J-type light
curves remain at a constant absolute magnitude MV,max ∼ −7±0.2
mag for 40 days / t2 and 100 days / t3 (Fig. 2b,e). We also inves-
tigated the median values of the differences between the calculated
and the observed absolute magnitudes (Table 4). The novae having
plateaus (P) or jitters (J) in their light curves have brighter absolute
magnitudes than that calculated from MMRD relations, while the
novae with oscillations (O) in their light curve have fainter absolute
magnitudes. The other nova subsamples of smooth (S) or dips (D)
light curve type are consistent when considering the stated errors.
V2491 Cyg and BT Mon are the only systems with cusp (C) and
flat-topped (F) light curve shape, respectively. In the following sec-
tion 4.1, we investigated the t2 and t3 decline times for all novae in
the catalogue, and derived a relation between logarithmic decline
times. Moreover, we found that D and J-type novae may not have
linear decline between t2 and t3 times. In that case there may be a
dependence on the decline rates t2/t3 that changes the position of
novae in these two MMRD distributions, especially for novae with
D- or J-type. Note that, in theMMRDsample, there is only one nova,
DK Lac, which is not in the ±2σ limits of that relation. Finally, the
mean values of the differences between absolute magnitudes for
the subsamples distinguished by the spectral classification are all
within the stated errors, but the RNe systems in the He/N class tend
to have fainter absolute magnitudes. However given the fact that the
number of systems where these parameters could be determined is
very small to confirm any dependence of the decline of the light
curve or spectral classification (especially for He/N+hybrid novae)
on MMRD relations.
4 NOVAE IN THE GALAXY
In this section, the statistical results on decline times, absolute mag-
nitudes at outburst maximum, and the spatial distribution along with
Galactic scale height and space density were investigated. Using the
Table 2. The median values of the differences between the calculated and
the observed absolute magnitudes for the subsample, separated according to
FWHMHαmeasurements, light curve shapes (F, P, S, J, C, D), and spectral
classes (He/N, Fe II, hybrid). Here, N is the number of novae in the sample,
¯∆MV (t2) and ¯∆MV (t3) are the differences of the absolute magnitudes when
using t2 and t3 times, respectively. LF, MF and HF represent the novae with
low FWHM Hα < 2000 km/s, medium 2000 6 FWHM Hα < 3500 km/s
and high FWHM Hα > 3500 km/s, respectively.
CNe CNe+RNe
N ¯∆MV (t2) ¯∆MV (t3) N ¯∆MV (t2) ¯∆MV (t3)
ALL 50 0.20 ± 0.14 0.25 ± 0.14 65 0.34 ± 0.17 0.39 ± 0.18
LF 13 0.43 ± 0.27 0.59 ± 0.28 - 0.43 ± 0.27 0.59 ± 0.28
MF 10 0.82 ± 0.33 1.01 ± 0.35 15 1.07 ± 0.24 0.98 ± 0.25
HF - - - 10 1.24 ± 0.78 1.57 ± 0.78
S 8 0.26 ± 0.37 0.27 ± 0.36 11 0.25 ± 0.30 0.36 ± 0.31
P 5 −0.89 ± 0.37 −0.81 ± 0.38 11 0.15 ± 0.69 −0.22 ± 0.73
D 12 −0.01 ± 0.24 0.23 ± 0.25 - - -
C - - - 1 4.49 3.88
O 4 0.62 ± 0.22 0.56 ± 0.20 - - -
F 1 2.41 2.38 - - -
J 6 −0.52 ± 0.31 −0.62 ± 0.28 - - -
He/N 4 0.34 ± 0.53 0.12 ± 0.52 9 1.64 ± 0.49 1.11 ± 0.45
Fe II 34 0.16 ± 0.16 0.17 ± 0.17 - - -
Hyb 5 −0.37 ± 0.19 −0.30 ± 0.17 7 −0.30 ± 0.14 −0.30 ± 0.13
results obtained in this section, we also estimated the nova rate for
disk novae.
In further analyses, we divided the sample into two sub-
samples corresponding to the used calculation method of the dis-
tance and/or absolute magnitude at maximum outburst.
• Sample 1: Only the novae with reliable distance measurements
as listed in Table 5 were used.
• Sample 2: For the novae in this sample, only the MMRD rela-
tions for t3 following t2 times were used, assuming that the MMRD
relation derived in Section 3 is correct.
2a: The novae in this sample have reliable light curve parameters.
2b: The novae in this sample have unreliable light curve param-
eters
Note that, we did not use the MMRD relations for 22 RN and cRN
(including likely RN systems with high FWHM Hα>3500 km/s)
owing to deviations from the MMRD relations.
4.1 Decline Times and Absolute Magnitudes
The decline from outburst maximum is generally smooth, 38% of
the novae (Strope et al. 2010), but a considerable number of novae
shows jitters, oscillations, dips or flares in their light-curve. This
heterogeneity in nova light curve shapes is a result of the variety
of nova outbursts, and it may cause a non-linear decline even at
relatively stable decline times (t2 and t3). The non-linear decline
of the light curve also affects calculations of absolute magnitudes
from MMRD relations. Because of these reasons, we compared
decline rates by considering the light curve shape classification
(Strope et al. 2010) in Fig. 3. The median of differences between
logarithmic decline times, and between absolute magnitudes calcu-
lated from MMRD relations for t2 and t3 times are listed in Table 3.
From the distribution of decline times, a relation between t2 and t3
times were obtained as logt3 = 0.91(±0.02) × logt2 + 0.41(±0.02)
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Figure 2. MV,max − t2,3 distributions of Galactic novae: (a,b,c) and (d,e,f) are for t2 and t3 , respectively, (a,d) considering FWHM Hα and including RN
+ RN, (b, e) considering the classification of light curve shapes, and (c, f) considering the spectral classification. Black lines represent the adopted MMRD
relation. We denoted the trends in the distributions by considering their FWHM Hα velocities, light curve shapes and spectral classification as colored dashed
lines, as defined in legends. The residuals are shown in the lower panel. Recurrent novae and relatively scattered novae are labeled. DK Lac changes its position
on these MMRD distributions owing to a non-linear decline.
with R2 = 0.93 and one standard deviation error of ±0.12 day.
Our relation between decline times is consistent with that found by
Warner (1995), logt3 = 0.88× logt2+0.44. Here, the intercept value
of 0.91 implies that the novae have nearly linear declines between
the t2 and t3 times. However, 12 of 192 novae have larger separations
between the logarithmic t2 and t3 times (Fig 3), especially for X Cir,
V2362 Cyg and V1039 Cen. For these scattered novae, the differ-
ences between absolute magnitudes from MMRD relations for t2
and t3 are larger than ±2σ ∼ 0.5 mag. Note that these systems were
excluded from the samples for spatial distribution analyses. On the
other hands, we also obtained relations between decline times for
subsamples of light curve shape classifications, which have more
than 5 systems, as following;
• For S-types: log t3 = 0.96 log t2 + 0.32, R
2
= 0.95, σ = 0.04
• For P-types: log t3 = 0.92 log t2 + 0.43, R
2
= 0.90, σ = 0.07
• For D-types: log t3 = 0.72 log t2 + 0.60, R
2
= 0.93, σ = 0.05
• For J-types: log t3 = 0.46 log t2 + 1.29, R
2
= 0.57, σ = 0.12
The relations for S- and P-types are very similar to those obtained
from all systems, but the novae having D- and J-types seem to follow
different trends that indicate these systems may not have non-linear
declines. However, these scattered novae cover only 1%of the whole
sample, and the mean of differences between absolute magnitudes
(Table 3) are the within limits of±2σ = 0.5 mag. Thus, we assumed
this effect is negligible in the calculation of the absolute magnitudes
from MMRD relations for the t2 and t3 times.
The absolute magnitude of the Galactic novae, excluding
RN+cRN, typically range from MVmax ≃ −5 to -10 mag. For the
novae in sample 2, the histogram distribution could be fitted with
a Gaussian distribution with a peak at MVmax ≃ −7.9 ± 0.9 mag.
Even though, when the novae only with reliable light curve (sample
2a) are considered, we get the same result for the Gaussian peak.
This value is consistent with Shafter et al. (2009) where the mean
peak absolute magnitude for Galactic novae was obtained to be -
7.8 mag, but smaller than their estimate of -7.2 mag for M31. For
the novae in sample 1, the mean absolute magnitude changed to
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Figure 3. The distributions of t2 vs t3 decline times. Dashed lines represent
the relations between decline times corresponding to subsamples by light
curve shapes. The dotted lines are for the ±2σ ranges from the relation
obtained for all novae in the sample.
Table 3.Comparison of logarithmic decline times, and absolute magnitudes.
N is number of novae in the sample, ∆t is residuals, log(t3) − log(t3,c )),
∆MV (t2, t3) is median of differences between absolute magnitudes obtained
from MMRD relations for t2 and t3 times.
Sample CNe CNe+RNe
N ∆t ∆MV (t2, t3) N ∆t
All 192 −0.0 ± 0.01 0.06 ± 0.03 214 0.0 ± 0.01
S 26 0.00 ± 0.02 0.04 ± 0.04 32 −0.03 ± 0.02
P 13 0.12 ± 0.04 0.32 ± 0.08 21 0.05 ± 0.03
D 17 −0.11 ± 0.02 −0.11 ± 0.02 - -
C 2 0.77 ± 0.24 1.82 ± 0.56 3 0.43 ± 0.22
O 5 0.04 ± 0.02 0.13 ± 0.05 - -
F 4 0.02 ± 0.07 0.15 ± 0.17 4 0.02 ± 0.07
J 14 0.03 ± 0.05 0.15 ± 0.12 - -
MVmax ≃ −7.2 ± 0.24 mag, which is consistent with that adopted
by Shafter (2017), but the histogram distribution is broad without a
significant peak. The maximum magnitudes mainly depend on the
discovery magnitudes so that the absolute magnitude at maximum
is likely underestimated. Interstellar extinction obscure relatively
faint Galactic novae, so the mean absolute magnitude at outburst
maximum for the Galaxy could be biased towards brighter novae,
corresponding to the Galactic disk population in Solar neighbour-
hood. In contrast, as with the case of both novae V598 Pup and
KT Eri (Hounsell et al. 2010a), the brightest novae that can even be
seen by naked eye, may not be discovered unless they are monitored
in different phases such as X-ray, and be missed by conventional
ground-based observing techniques. Thus the Galactic (and extra
galactic) nova sample is not free from selection effects that likely
bias the results.
−10 −9 −8 −7 −6 −5
MVmax
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Figure 4. Absolute magnitude distribution of the Galactic nova samples.
The distributions are fitted by Gaussian functions which are represented by
dashed lines.
4.2 Spatial Distributions
The Galactic distribution of all Galactic novae in our catalogue is
given in Fig. 5. In this distribution, systems are mainly located at
low Galactic latitudes (b 6 10◦) especially towards the Galactic
bulge. Since the Galactic novae in the sample concentrate in the
Galactic plane, where the bulk of the absorbing medium is located,
the extinction for many of them can be high and can not be ne-
glected. Although, interstellar reddening estimates were given for
nearly half of the novae in the catalogue, the extinction and dis-
tances for the remaining novae were simultaneously determined by
an iteration method: We first obtained the interstellar extinction for
each distance step in the line of sight following Sharma et al. (2011)
and Binney et al. (2014).We then calculated the absolute magnitude
of each nova from the MMRD relation. Using the apparent magni-
tude and the absolute magnitude we can calculate the corresponding
possible distance extinction values for each nova. We estimated the
distance and the extinction of each nova simultaneously by calculat-
ing the point where the distance and the extinction derived from the
distance modulus (Vmax − MVmax = 5 logd−5 + AV ) matches the
values derived from the dust extinctionmodel. To test the robustness
of our method we also followed this method for the novae which
already have independent extinction measurements. The standard
deviation of the differences between the reddening derived from
the method summarized above to the independent measurements is
found to be ±0.08 mag. We used this value as our error on deter-
mining the interstellar reddening towards the sources which have no
independent reddening measurements. Using this iteration method
with the MMRD relation only for the novae without reddening es-
timates in sample 2 provides us a large sample to investigate the
spatial distribution and Galactic model parameters of Galactic no-
vae.
To inspect the Galactic distribution of Galactic novae, helio-
centric distances (X towards Galactic centre, Y towards the Galactic
rotation, Z towards the Galactic north Pole) are obtained, and the
projected positions on the Galactic plane (XY) and on the plane
perpendicular to it (XZ) are derived (Fig.6). The Galactic novae in
our sample are mainly concentrated in the Galactic disk (Fig. 6b)
and towards the inner Galaxy (Fig. 6a), but the novae in the neigh-
borhood of the Galactic center are located at the edge of bulge. The
novae in sample 1 occupy a smaller spatial volume than the novae
in sample 2 where a number of novae (11 of 120) with uncertain
light curve novae in sample 2 has unrealistic distances (>20 kpc)
even beyond the Galactic bulge through Galactic disk. To avoid such
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Figure 5. Galactic coordinates of novae in our sample.
unrealistic measurements, we set an upper limit on the distance cal-
culations from MMRD relations of 20 kpc. The median values of
XYZ distances for sample 2 are 4.30, 0.39 and −0.13 kpc, while
the novae in sample 1 have about 1.0, 0.5, and 0.02 kpc, and these
do not change even with adding RNe. The numbers of systems with
(X,Y, Z) > 0 are (52, 43, 30 of 65) for sample 1, (66, 53, 46 of
80) for sample 1 when adding RNe, and (218, 156, 100 of 249) for
sample 2. In short, ∼ 85%, ∼ 65% and ∼ 50% of Galactic novae in
samples have Galactic distances of (X,Y, Z) > 0, respectively. The
results indicate that there is a strong bias towards the Galactic bulge.
Since the sky surveys are mainly concentrated towards the Galactic
bulge, this bias probably arises from observational selection effects.
Although, the number of the bulge novae is expected to be more
than half of all novae as in M31 (Darnley et al. 2006), the Galactic
novae in our sample are mainly located on the edge of the Galactic
bulge likely due to increasing interstellar reddening effect towards
the Galactic center. This distribution indicates that the bulge novae
could not be observed in our sample.
In the studies of the spatial distribution of the novae, the thin
disk population is characterized by bright and fast novae, while slow
and faint novae belong to the thick disk or bulge population. The
differences between the two populations are explained by the dif-
ferent nature of the nova progenitors (della Valle et al. 1992a). Fast
novae characterized as He/N novae are believed to be associated to
relatively massive WDs, while slow novae related to Fe II novae
have less massive WDs. Since more massive WD requires smaller
mass of the accreted material to start thermonuclear runaway, the
more violent outburst theoretically occurs with higher expansion
velocity and fast decline. Hence, these novae with fast decline time
related to He/N evolve more quickly, and they should be located
closer to the Galactic plane. Della Valle & Livio (1998) proposed
that fast novae (t3 < 20 day) belonging to the He/N spectroscopic
class are preferentially concentrated through Galactic plane (Z <
100 pc) related to Pop I, while Fe II novae with slow decline time
(t3 > 20 day) are located up to > 1000 pc from the Galactic plane,
and they are likely related to the thick disk/bulge (Pop II) population.
To test this prediction, we considered the histogram distribution of
these systems based on their spectral and speed class. In the sam-
ples, ∼ 80% of Fe II novae (72 of 87) are slow novae (t3 > 20
days), while the percentage of fast novae with t3 < 20 days be-
longing to the He/N+hybrid class is ∼ 60% (11 of 18)). Note that
we considered the hybrid class sources similar to He/N novae for
the analyses. Fig. 7 presents the histogram distribution of the t3
times according to the spectral classification, where both Fe II and
He/N+hybrid novae are scattered throughout the whole range of t3
times, but the peak values of the histogram distribution for Fe II and
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Figure 6. The projected positions of novae in our sample (a) on the X-Y
Galactic plane and (b) on X-Z plane perpendicular to it.
He/N+hybrid are at t3 =37 and 13 days, respectively. The vertical
Z-distances for their spectral classes (Fig. 8a) indicate that vertical
distances for Fe II and He/N+hybrid novae in sample 2 extend up
to ∼ 3.0 and ∼ 1.7 kpc from the Galactic plane with median val-
ues of vertical Z-distances of 0.3 and 0.33 kpc, respectively. Nine
of Fe II novae (10%) were found higher than 1000 pc above the
plane, and 16 of Fe II novae (18%) are located in the Galactic plane
(Z < 100 pc). For the He/N+Hybrid novae, the number of systems
with Z > 1000 pc is only 1 (6%), and 6 of them (33%) are at
Z < 100 pc. The median Z-distances changes to 0.15 and 0.03 kpc
for the novae in sample 1 (0.15 and 0.12 kpc with adding RNe),
but the novae classified as hybrid class in both sample 1 and 2 are
at shorter vertical Z-distances. Since most of the novae in sample
1 are nearby (Fig.6) as mentioned above, their Z-distances extend
only up to 1 kpc. The distributions of Z distances according to fast
and slow novae show similar trends as derived for the spectral clas-
sification. Moreover, both slow and fast novae in sample 2 (Fig 8)
are located up to ∼ 4 kpc from the Galactic plane. Large part of
fast novae (11 of 51, 22%) and only 25 of 189 slow novae (13%)
have vertical distances from the Galactic plane higher than 1000 pc,
while only 7 of 51 fast novae (14%) and 23 of 189 slow novae (12%)
lie in the Galactic plane at Z < 100pc. These trends do not change
even for the novae in sample 1 when adding RN+cRN. Although,
Della Valle & Livio (1998) concluded that spectral or speed classi-
fication correlates with the stellar population. Such relations were
not derived from our samples which contain much more novae with
spectral classification. On the contrary, both Fe II and He/N novae
or fast and slow novae are distributed in the whole range of vertical
distances, but are mainly concentrated throughout the Galactic disk.
However, a similar selection bias (as mentioned in section 4.1) may
effect this result as well. The Galactic nova samples seem to contain
the systems, which are located in the Galactic disk structure related
to Pop I or young Pop II. The faint/undiscovered novae belongs to
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Figure 8. Z-distance histogram distributions of the Galactic novae corre-
sponding to their (a, b) spectral and (c,d) speed classes, (a,c) for the novae
in sample 2, (b,d) for the novae in sample 1.
thick disk or halo components may show a correlation with spectral
or speed classifications.
4.3 Galactic Model Parameters of the Galactic Novae
In this section, we investigate the Galactic model parameters of
the Galactic novae such as the scale height and space density. Our
sample contains novae erupted as far back as the 19th century re-
sulting in a sample covering ∼ 200 yr of observations, but the
systematic and effective discoveries of novae have only been possi-
ble since 1960s so the effective observing time of roughly 50 years
is used in the following calculations. Since only the novae with ob-
served outbursts are included in the sample, there is a completeness
problem arising from unrecorded nova outbursts due to all kind
of observational effects. This incompleteness hardly influences the
vertical spatial (Z) distribution but strongly affects the space den-
sity as mentioned in previous studies (Patterson 1984; Duerbeck
1984; della Valle & Duerbeck 1993; Shafter 2017). Thus, the space
density ρ0 can only be calculated from the observed local outburst
density ρout (0) for the discovered classical nova sample by taking
into account the recurrence time (TR); ρ0 = ρout (0)×TR. A detailed
discussion of both the space density and the recurrence time cal-
culation in previous studies were given in della Valle & Duerbeck
(1993), which was the last study on the space density of the Galactic
nova population.
The recurrence time of classical novae, which may range from
a few hundred to thousand years, depends on several factors, for
example the mass of the WD, the donor star, the amount of ejected
material, or the rate of mass transfer. It even changes with the stel-
lar population and the type of the host galaxy (Chen et al. 2016).
However, the mean recurrence times for classical novae were es-
timated to be between TR = 3000 − 26000 years (Patterson 1984;
Duerbeck 1984; della Valle & Duerbeck 1993). Since the calculated
recurrence times show a very large scatter, the space density deter-
mined in this way will be only a limit for the actual value. Thus,
we adopted two recurrence times as 3000 and 26,000 years to set a
lower and upper boundary on the space density for classical novae.
On the other hand, in order to be able to determine the Galactic
model parameters, the Galactic novae should be separated into sam-
ples based on stellar populations. Although not very effective, the
only way to estimate the stellar population is to deduce Z-distances.
In our sample, 82% of the novae have vertical distances smaller than
0.825 kpc. Note that as discussed below, for the sake of complete-
ness we only used the novae with distances up to 4 kpc in our further
estimations, and 99% of these novae have Z-distances smaller than
this limit. Here, the vertical distance of 0.825 kpc is important,
since the spatial densities of thin and thick disks are equal at this
mode value of the vertical distance (Ak et al. 2015). Thus, almost all
Galactic novae in the sample can be considered as members of the
thin-disk component of the Galaxy. This is a reasonable assumption
because the population analysis already showed that 94% of cata-
clysmic variables in the Solar neighbourhood belong to the thin-disk
component of the Galaxy (Ak et al. 2015). The contribution of thick
disk or halo CVs to the thin disk sample adds a small effect (less
than 4%) to the scale height estimations Özdönmez et al. (2015). In
this case, the effect of contribution can be considered as negligible.
Thus, Galactic novae in our sample were not classified based on the
population types in the estimation of the Galactic model parameters
and all are assumed to be thin disk members.
The local outburst density can be obtained using the Galactic
novae within a cylinder centered at the Sun with a radius and infinite
height. Duerbeck (1984) used a cylinder radii of dXY = 1000 pc and
assumed that all the novae in this region are already known. This
is a reasonable assumption, since the completeness of the novae
decreases after this radius where the novae at the edge reach to an
apparent magnitude of 4 to 5 mag. In Figure 9a,d, the distribution
of the z-distances of the novae in our sample are given as a function
of their dXY distances. This distribution implies that the novae with
apparent magnitude brighter than 3 and 5 mag reach to dXY = 2
and 4 kpc, but most of them are concentrated within 2 kpc. The
cumulative number distribution of the novae in different cylinders
with radii dXY are given in Fig. 9b,e. The number of the discovered
novae should increase with larger radius, but this trend slows after
2 kpc, and it becomes almost constant after ∼ 4 kpc. Since the
discovery efficiency has increased in last decades, it is possible
to assume a larger radii than that adopted by Duerbeck (1984)
within which all the possible classical novae have already been
discovered. From the classical novae sample 1 and 2 within the
cylinder with dXY = 2 kpc, the outburst space density in the solar
neighborhood is calculated as ρout (0) = 3.57± 0.25 and ρout (0) =
4.22 ± 0.25 × 10−10 pc−3 yr−1 with a scale height of 148 pc and
175 pc (see Figure 9c,f), respectively. The results of the calculations
are given in Table 4. If 4 kpc is adopted as the radius of the cylinder,
the outburst density can be found to be as 1.3 and 1.47 × 10−10
pc−3 yr−1 with a scale height of ∼ 165 pc and ∼ 209 pc for the
classical novae in sample 1 and 2, respectively. Using 1 kpc radius,
we calculated ρout = 6.05 × 10−10 pc−3 yr−1 for only the novae
in sample 2. In our analyses, the radii of the cylinder and/or using
different samples, depending on reliable distance measurements
(sample 1) or the MMRD relation (sample 2), did not significantly
change the local outburst density. So even if a MMRD relation is not
realized, our result is consistent. It is in the range of 1.3− 6× 10−10
pc−3 yr−1. Our result is slightly larger than previous observational
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Table 4. Result for spatial distribution analyses, dXY is radius of cylinder,
ρout is the local outburst space density, H is the scale height, ρ0 is the local
space density using TR = 3000 and 23000 yr−1.
dXY ρout H ρ0 Nr at e
(kpc) (×10−10 pc−3 yr−1) (pc) (×10−6 pc−3 yr−1) (yr−1)
TR = 3000 TR = 26000
Sample 1 2 3.57 ± 0.25 148 ± 17 1.07 9.3 54+16
−13
1 – – – – –
4 1.30 ± 0.13 165 ± 21 0.39 3.4 23+9
−7
Sample 2 2 4.22 ± 0.26 175 ± 17 1.3 11.0 80+21
−16
1 6.05 ± 1.46 147 ± 62 1.8 15.7 95+92
−65
4 1.47 ± 0.11 209 ± 22 0.4 3.8 35+9
−8
estimates, cf. 1.7× 10−10 (Patterson 1984), 3.8× 10−10 (Duerbeck
1984), 1 – 4.4 × 10−10(Naylor et al. 2009), 0.30× 10−10 pc−3 yr−1
(della Valle & Duerbeck 1993), as well as the semi-model estimate
of ∼ 1 × 10−10 pc−3 yr−1 for disk novae (Shafter 2017). Using
TR = 3000 and 26,000 yr, the space density is calculated as 1.07
×10−6 and 9.3×10−6 pc−3 for the classical novae in sample 1within
the cylinder with a radius of dXY = 2 kpc, while for the novae in
sample 2, it is calculated as 1.3 ×10−6 and 11.0 ×10−6 pc−3. Taking
into account all calculations for all samples and cylinder radii, the
range of the space density of novae is obtained as 0.4 – 15.7 ×10−6
pc−3.
Computing the local outburst density of Galactic novae corre-
sponding to the Galactic disk allows us to estimate the disk nova
rate. For calculations, we used the same assumptions and direct-
extrapolation method as described in Shafter (2017), who calculated
the overall Galactic nova rate by extrapolating the nova rate (assum-
ing different observed rate for novae reaching m 6 2) for a given
apparent magnitude to include the entire Galaxy based on Bahcall
& Soneira (1980)’s models of bulge and disk distributions. Since
we calculated the local outburst density and the scale height obser-
vationally, we only changed these parameters as given in table 4,
while we adopted mean values of absolute magnitude of−7.2±0.24
and −7.9 ± 0.9 mag as calculated for sample 1 and 2, respectively,
in section 4.1. The results are given in Table 4 that shows disk nova
rates are in the range of ∼ 20 to ∼ 100 per year. An average of the
calculated plausible parameters, ρout = 3.9 ± 0.25 × 10−10 pc−3
yr−1, H = 160 pc, MVmax = −7.5 ± 0.9 mag, yields a disk nova
rate of Nrate = 67+21−17 yr
−1. Our results are slightly larger than
the results adopted by Shafter (2017). They calculated disk nova
rates in the range of ∼ 35 to ∼ 110 per year by assuming different
observed rate of the novae with apparent magnitude less than 2 mag
and different mean absolute magnitudes (similar values as in our
study) for Galactic disk novae. They adopted 50+31
−23 yr
−1 as a best
estimate for an average of global nova rates (bulge + disk), where
the disk nova rate was calculated as 45+27
−21 per year. Our average
estimate is slightly larger than the average estimate for the disk nova
rate in Shafter (2017), but it is consistent within errors. We should
note that the relatively larger nova rate calculated here is probably
arising from using a larger local outburst density. However, if the
rate of undiscovered novae is higher than expected, both local out-
burst density and the nova rate would be increase to larger values.
For example, our result would be consistent with Shafter (2017), if
observed rate of novae (with m 6 2) assumed between 43%-90%.
5 RESULTS
In this study, we investigated the MMRD relation and spatial dis-
tributions of Galactic novae from a new compiled catalogue. The
catalogue, which will be updated frequently, has fundamental pa-
rameters, but more importantly it contains the reddening and dis-
tance estimates from the improved RDRs. We continue to collect
the related parameters, and study the Galactic novae spectroscopi-
cally to obtain their interstellar reddening/extinctions that allow us
to limit their distances, and investigate their spectroscopic features.
In addition, the distances in GAIA DR2 will be added to the cata-
logue. Hence, this catalogue may help to resolve uncertain distances
of some nova systems, which have lot of variety. By this way, the
nature of the novae in the Galaxy might be clarified in the future. In
our (spatial) analyses, we used two different samples. The first sam-
ple contains the novae whose distance measurements (non-MMRD)
exist, while we only used MMRD relations for the second sample.
Main results of our paper can be summarized as follows.
• Using the distances in the catalogue, we obtained MMRD
relations for t2 and t3 decline times with an scatter of ∼ 1 mag. We
suggest that there is a possible dependence of light curve shapes
and FWHM Hα on MMRD relations.
• The results obtained by using the two different samples for the
spatial analyses are consistent with each other. Thus, we confirm
that the MMRD relation is still useful tool for statistical analyses.
• The distributions of decline times t2 and t3 indicate that there
is a relation between decline times, but it depends on light curve
shape classifications, especially for D- and J-types.
• From the histogram distributions of mean absolute magnitude
at outburst maximum, we obtained MVmax = −7.2 ± 0.24 and
−7.9 ± 0.9 mag for the samples.
• The spatial distributions of discovered Galactic novae imply
that the systems are mainly placed in the Galactic disk towards the
Galactic bulge, but belong to the disk population. Besides, we did
not found any correlation of the stellar population with spectral or
speed classification.
• For the calculation of the Galactic model parameters, we used
the novae within cylinders with various radii. The best estimates
for the local outburst density are calculated as 3.6 and 4.2 ×10−10
pc−3 yr−1 with a scale height of 148 and 175 pc for two different
samples, while a possible range is 1.3− 6× 10−10 pc−3 yr−1. Using
TR = 3000 − 26000 yr, the most plausible range for the local space
density is calculated as 1-10 ×10−6 pc−3.
• A simple calculation on disk nova rate suggest that it is in range
of ∼ 20 to ∼ 100 yr−1 with an average estimate 67+21
−17.
6 DISCUSSIONS AND CONCLUSIONS
Based on a newGalactic nova catalogue, theMMRD relation and the
spatial distribution of novae are investigated. The MMRD relation
is an effective tool (in fact it is the only one) when it is applied
in a statistical way to a large sample, but it is not very reliable for
individual novae because of the large individual errors and scatter in
the overall relation. For a single nova, solely relying on this relation,
the absolute magnitude may differ ∼ 1 mag from the actual value.
In order to consider any possible systematic effect on the MMRD
relations due to the distancemeasurementmethod,MMRD relations
for three different samples distinguished by distance measurements
methods were obtained, but we did not find any significant bias,
and we adopted the MMRD relation that depends on the novae
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Figure 9. (a,d) Z-distance of the Galactic novae in the XY direction, (b, e) Cumulative numbers of the Galactic novae occupying a cylindrical volume of with
radius dXY , (c, f) the outburst density in the z-direction within a cylinder with a radius of dXY = 2 kpc, (a, b, c) for CNe in sample 1, (d, e, f) for CNe in
sample 2.
whose distances calculated from two different methods (parallax
and RDRs).
Recent studies of Kasliwal et al. (2011) and Shara et al. (2017)
claimed that a new class of faint, fast and non-recurrent novae
(t3 < 20 days) exists in M31 and M87. They adopted them as
non-recurrent novae since the majority of them have low velocities
(FWHM < 2500 km/s) and belong to Fe II class. These novae are
up to 3 magnitudes fainter than predicted by the MMRD relation
in Downes & Duerbeck (2000). These studies caused a decrease
in reliability of MMRD relations. This point should be further
investigated to clarify the problems of the MMRD distributions,
or to understand these types of novae. For example, Munari et al.
(2017a) commented that none of the other surveys detected them
during the whole observational history for M31 (e.g. Darnley et al.
2006). Moreover the OGLE microlensing survey has continuously
monitored the Magellanic Clouds, where reddening is not an issue,
no novae of the type claimed by Kasliwal et al. (2011) were de-
tected (Mróz et al. 2016a). Munari et al. (2014; 2017a) suggested
that there are systematic effects on Kasliwal et al. (2011)’s analyses
owing to noisy and scarcely sampled light curves, frequently detect-
ing the novae while already declining and thus probably missing
the true maximum, and underestimated extinction estimates per-
formed in an unusual way. Anyway, there is a possibility that this
new type of novae exists in the Galaxy. For example, the novae
in Table 1b (V977 Sco, V4332 Sgr, and MU Ser) were not added
in the MMRD diagrams since their light curve parameters or dis-
tances/extinctions are not well-determined. If we assume their pa-
rameters are correct, their absolute magnitudes will be fainter than
that calculated from ourMMRD. If the distances/extinctions or light
curve parameters are uncertain or biased, the possibility to verify
the existence of an MMRD relation obviously decreases. Therefore,
we only used the novae for which the distances and the interstel-
lar extinctions were reliably determined. However, there is overall
scattering in MMRD distributions similar (but larger) to that ob-
served in Downes & Duerbeck. Generally, this scattering is thought
to be due to the distance and extinction, and Gaia DR2 or any other
survey may minimize uncertainties on distance (or extinction) mea-
surements that may decrease scattering on MMRD distributions.
However, the scattering would be caused by a second parameter
(e.g. spectroscopic type, light-curve type, population type, mass of
the underlying WD, chemical composition of the WD or of the ac-
creted matter), which should influence the luminosity at outburst
maximum. Just the WD mass, the accretion rate/envelope mass and
theWD luminosity can produce a rich variety of nova outbursts. The
heterogeneity in nova light curves suggests that a single parameter
may not characterize the decline well. In our study, we suggest that
the MMRD relation likely depends on other parameters in addition
to the decline time, as FWHM Hα (an indication of the expansion
velocity), the light curve shapes (especially D- and J-types).
Analyses of the MMRD relation considering FWHMHα show
that the scattering on absolute magnitude is increasing with FWHM
Hα, which is related to the expansion velocity. Moreover, for the
RN+cRNwith medium velocities, we were able to obtain a relation,
whose slope is larger. Recurrent novae (or the systems with high ex-
pansion velocity) seem to follow a different trend than that obtained
for classical novae. From population models, Pagnotta & Schaefer
(2014) suggested that 25% of the systems labeled as CN are in
fact RN for which only one outburst has thus far been discovered.
However, we do not actually know the fraction between the classi-
cal novae and RNe, and which nova systems are recurrent. There
are only 10 known RNe on which the statistical studies depends.
Considering the light curve shape, J-type novae have a constant
absolute magnitude of -7 mag. The investigation on decline times
for all novae in the catalogue indicates that the novae with D- and
J- type light curve shapes may not have linear decline. If so, only
considering the decline times (t2 or t3) may not characterize the ab-
solute magnitude at outburst maximum and the decline well. All of
these arise uncertainties when using of MMRD relation if the type
of nova is not clarified. Furthermore, the luminosities of novae may
differ depending on their stellar populations or their evolutionary
states; i.e. on the stellar age and metallicity. For the scatters found
in other distance indicators, e.g. Cepheids, it has been suggested
that a different metalicity of the host galaxy may significantly affect
the zero-point of the relation (Freedman et al. 2001). In this case,
there is a possibility on any environmental dependence on MMRD
relations as well. Since our and the other studies in literature depend
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on disk novae in the Galaxy, the contribution of other populations
(bulge, halo, even thick disk) is not well known. Our study does
not dispel the concerns regarding the validity the MMRD relation,
but has raised open questions. To understand the MMRD relation
better, the novae in galaxies, which have reliable distances (and
extinctions), should be studied with high quality photometric and
spectroscopic data. A larger sample of them would also be very
welcome as well as corresponding parameters and well-determined
light curves that allow us to classify their light curve shapes. Our
catalogue may also help to investigate the nature of MMRD dia-
grams in the long-term. Studying the MMRD relation is important
to understand the origin of the nova eruption itself, besides using it
as a tool to estimate absolute magnitudes.
In this study, we did not find any signs that the spectral clas-
sification represents the stellar population of the Galactic novae,
as suggested by Della Valle & Livio (1998). However, our decline
time histogram implies that the He/N+Hybrid novae are fast sys-
tems with a peak time at t3 = 13 days, while the slow Fe II novae
have a peak decline time at t3 = 42 days. In contrast to the sug-
gestion of Della Valle & Livio (1998), we found that both Fe II
and He/N novae or fast and slow novae are located in the whole
range of vertical distances, but mainly concentrated throughout the
Galactic disk. The differences between the results in these two stud-
ies may arise from the samples used in the analyses. The sample
in Della Valle & Livio (1998) contains a smaller number of novae
with spectral classification, which reach only to a vertical distance
of ∼ 2 kpc, whereas our sample have much more systems reach-
ing up to two times farther in vertical direction from the Galactic
plane. A relatively large number of slow novae located close to
the Galactic plane and fast novae farther from Galactic plane must
have been undetected in their analyses. The approach proposed by
Della Valle & Livio (1998) allowed us to classify the population
of the novae in the host galaxy, however, it seems that kinematical
and/or spectroscopic observations for the novae in different Galac-
tic components are needed to clarify the population of the Galactic
novae with certainty.
In order to understand the nova formation and evolution sce-
narios, key ingredients are Galactic model parameters such as space
density and scale height (and scale length), which also describe the
spatial distributions of these objects in the Galaxy. However, sta-
tistical and systematic uncertainties arising from the small number
of systems and uncertain distances, affect the estimates of Galactic
model parameters. In this study, Galactic model parameters of the
Galactic novae were investigated with fairly homogeneous samples
containing a large number of novae, but it is not free from the selec-
tion effect caused by undiscovered novae. However, limiting the vol-
ume occupied by novae makes the selection effects less significant.
According to present samples and their analyses, the scale heights
were calculated to be in the range of 0.15−0.20 kpc. It is important to
conclude that exponential scale height of 0.16 kpc for a mean value
is best estimate for the Galactic novae. This is consistent with pre-
vious estimates, which depend on a small number of Galactic novae
specifically; 0.150 kpc (Patterson 1984) 0.125 kpc (Duerbeck 1984),
0.164 kpc (Özdönmez et al. 2015). However, these are smaller than
the scale height of 0.25 kpc estimated by Shafter (2017). For
cataclysmic variables, the scale height estimates in the range of
∼ 0.1− 0.2 kpc (Duerbeck 1984; Patterson 1984; van Paradijs et al.
1996;Ak et al. 2008; Revnivtsev et al. 2008;Özdönmez et al. 2015)
have been made over the years, and our result is in this range , but
it is smaller than the scale height of the thin disk population which
lies in the range 0.2 − 0.3 kpc (e.g. Cabrera-Lavers et al. 2005;
Bilir et al. 2006; Jurić et al. 2008; Yaz Gökçe et al. 2015, and refer-
ences therein). This indicates that the interactions in binary systems,
and/or rapid outbursts may accelerate the evolutions of the novae
in the Galaxy that cause them to lie closer to the Galactic plane. If
so, it raises a question why a considerable number of outbursts at
thick disk or halo can not be detected? A possible answer may be
that the lifetimes of novae are much smaller than that of the Galac-
tic (thin) disk, or that they change their sub-types of cataclysmic
variables from (old) novae to dwarf novae or nova-like systems on
relatively short time-scale, or that we just do not detect them due to
observational effects.
For the outburst density, we used the Z-distributions of the clas-
sical novae within a cylinder of a radius dXY = 2 kpc, and calculated
the outburst density as 3.6± 0.25 and 4.2± 0.26× 10−10 pc−3 yr−1
for the novae in sample 1 and 2, respectively. The limits of the local
outburst density were also calculated as 1.3 and 6 ×10−10 pc−3 yr−1
by adopting cylinder radii of 1 and 4 kpc, respectively. This result
represents very well the outburst density of novae in the solar neigh-
bourhood compared to that obtained in previous studies (Patterson
1984; Duerbeck 1984; Naylor et al. 2009; della Valle & Duerbeck
1993; Shafter 2017). The adopted outburst density allows us to infer
a space density of classical novae in the range of∼ 1−10×10−6 pc−3
when using TR = 3000− 23, 000 yr, while the potential range of the
space density was calculated as 0.4 – 16 ×10−6 pc−3. Since ratios
between the recurrence times vary within an order of magnitude,
these results are only limits for the actual space density. They are
consistent with lower limit of ∼ 10−6 − 10−8 pc−3 in previous stud-
ies (Warner 1974; Patterson 1984; Duerbeck 1984; Downes 1986;
della Valle & Duerbeck 1993). The theoretical population analyses
on cataclysmic variables predict a similar space density 10−5−10−4
pc−3 (Ritter & Burkert 1986; de Kool 1992; Kolb 1993; Politano
1996). However, two uncertainties should be taken into considera-
tion in the calculation of the space density. First, the contribution of
the RNe systems labeled as CNe effects the mean recurrence time
and the space density. As we mentioned in the discussion on the
MMRD relation, we do not know the actual fraction of RNe in the
CNe samples. Even though, we excluded the RNe sample (including
RN candidates proposed by Pagnotta & Schaefer (2014)) from our
calculations, a possible extra contribution may exists. Besides, we
adopted a lower limit of 3000 years for the mean recurrence time of
classical novae, and this does not represent recurrent novae whose
recurrence time is in the range of 1 year (Darnley et al. 2016) up to
∼ 100 years (Schaefer 2010). If we assume that all novae are actually
recurrent novae, the space density can only be calculated by group-
ing novae with similar recurrence times, but this is not possible with
the current Galactic novae sample. The other but unsolvable prob-
lem arises from an observational selection effect. The contribution
from novae with unrecorded outbursts makes the space density re-
sults of the novae far from certain. Defining limits and using a larger
sample in these analyses make the sample approximately complete
in a certain volume. Nevertheless, selection effects on the sample
in our study are likely less than previous samples in the literature.
Thus, Galactic model parameters of the Galactic novae in the solar
neighbourhood derived from this sample should be more reliable.
Using the local outburst density and scale height obtained
in this study, we calculated the nova rate for the Galactic disk in
the range of ∼ 20 to ∼ 100 per year using the same methodol-
ogy as Shafter (2017). The average estimate of the disk nova rate
for our samples is 67+21
−17 yr
−1, which is larger than the best es-
timate of 45 yr−1 for disk nova rate obtained by Shafter (2017).
Recently, Mróz et al. (2015) have measured a nova rate 13.8 ± 2.6
yr−1 for the Galactic bulge alone using OGLE observations. By
adding this value, the global nova rate can be estimated as ∼ 80
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per year. In the literature, the Galactic nova rate is not well esti-
mated and differs in the range between 20 and 260 yr−1 (Sharov
1972; della Valle & Livio 1994; Shafter 1997, 2002, 2017) , but
our result is larger than typically adopted estimates for the Galaxy,
and also larger than that calculated for the novae in other galax-
ies (Shafter et al. 2000; Darnley et al. 2006; Shafter et al. 2014).
Since nova explosions contribute to the enrichment of the interstel-
lar medium and to the chemical evolution of the Galaxy, the nova
rate is essential for Galactic chemical evolution models. However,
the incompleteness of a nova sample in the Galaxy gives rise to
uncertainties on the measurements. The nova rate could be higher
when considering the contributions of (undetected/old) novae cor-
responding to other populations.
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Table 5. The Galactic novae whose distances are known. We list Galactic coordinates l and b, the amplitude of outburst, the visual maximum magnitude at outburst Vmax , the decline times t2,3 as light curve
parameters. Type of novae corresponding to their light curve shape (LC; Strope et al. 2010), the spectral type and recurrence type are given. The full width at half maximum (FWHM) is measured from the Balmer
lines at or near outburst maximum. Por b is the orbital period of the nova. The adopted distance (D) calculations are given with their measurement methods. E(B −V ) gives the adopted reddening estimates obtained
from the literature. Numbers in parenthesis are the reference codes.
1a. The novae that are used in MMRD analyses.
Nova
l b Amplitudea Vmax t2 t3 LC type Spec type RN type
FWHM Porb D Methodb
E(B −V )
(deg) (deg) (mag) (mag) (days) (days) (km/s) (days) (kpc) (mag)
CI Aql 31.688 -0.812 7.7 (V) (1) 9 (1) 25 (1) 32 (1) P (1) RN (2) 2250 (3) 0.618 (4) 3.9 ± 0.5 rdr (5) 0.92 ± 0.22 (6)
V500 Aql 47.608 -9.462 11.2 (p) (4) 6.1 (7) 17 (7) 42 (7) He/N? (7) 1400 (8) 0.145 (4) 5.9 ± 1.2 epar (9) 0.16 ± 0.03 (10)
V603 Aql 33.164 0.829 12.2 (V) (1) -0.5 (1) 5 (1) 12 (1) O (1) hybrid (1) 0.138 (11) 0.34 ± 0.06 tpar (12) 0.08 ± 0.02 (13)
V1229 Aql 40.537 -5.437 11.5 (V) (1) 6.6 (1) 18 (1) 32 (1) P (1) Fe II (7) cRN: (14) 2.4 ± 0.6 epar (9) 0.5 ± 0.08 (15)
V1494 Aql 40.974 -4.742 13 (V) (1) 4.1 (1) 8 (1) 16 (1) O (1) Fe II (16) 2470 (17) 0.135 (4) 1.2 ± 0.2 epar (18) 0.6 ± 0.1 (19)
V1663 Aql 39.161 -0.665 11.2 (20) 16 (20) 34 (20) Fe II (21) 1900 (22) 8.9 ± 3.6 epar (23) 1.1 (23)
V1721 Aqld 40.972 -0.083 <6 (c) (14) 14 (24) 6 (24) 10 (24) cRN (14) 6450 (24) 7.5 ± 2.0 rdr (6) 3.0 ± 0.6 (25)
OY Arad 333.903 -3.937 11.5 (p) (4) 5.1 (26) 44 (27) 80 (26) 0.155 (4) 1.32 ± 0.7 rdr (6) 0.32 ± 0.06 (28)
T Aur 177.143 -1.699 10.4 (V) (1) 4.5 (1) 80 (1) 84 (1) D (1) Fe II (7) 0.204 (4) 0.96 ± 0.22 epar (29) 0.42 ± 0.08 (13)
V705 Cas 113.66 -4.096 10.7 (V) (1) 5.7 (1) 33 (1) 67 (1) D (1) Fe II (21) 0.228 (30) 2.5 ± 0.5 epar (31) 0.41 ± 0.06 (6)
V723 Cas 124.961 -8.807 8.6 (V) (1) 7.1 (1) 263 (1) 299 (1) J (1) Fe II (32) 600 (33) 0.69327 (32) 3.86 ± 0.23 epar (34) 0.45 (35)
V842 Cen 316.574 2.453 10.9 (V) (1) 4.9 (1) 43 (1) 48 (1) D (1) Fe II (1) 760 (36) 0.164 (37) 1.2 ± 0.1 epar (7) 0.55 ± 0.05 (6)
V1065 Cen 293.984 3.613 <9.8 (V) (37) 7.6 (38) 11 (38) 26 (38) Fe II (38) 2700 (38) 3.3 ± 0.5 rdr (6) 0.47 ± 0.05 (6)
T CrB 42.374 48.165 7.3 (V) (1) 2.5 (1) 4 (1) 6 (1) S (1) RN (2) 4980 (39) 227.55 (40) 0.9 ± 0.2 comp. (2) 0.1 ± 0.08 (2)
CP Cru 297.872 2.223 10.2 (V) (4) 9.25 (41) 4 (41) 10 (41) cRN (14) 2000 (42) 0.944 (4) 2.6 ± 0.5 epar (41) 1.9 ± 0.1 (41)
V407 Cyg 86.983 -0.482 9 (V) (37) 7.1 (43) 5.9 (43) 24 (43) He/N (43) cRN (44) 2300 (44) 766.4 (37) 3.5 ± 0.3 rdr (6) 0.55 ± 0.05 (6)
V450 Cyg 79.129 -6.458 8.5 (p) (4) 7.5 (7) 88 (7) 108 (7) Fe II (7) 3.5 ± 0.8 epar (29) 0.33 ± 0.03 (10)
V476 Cyg 87.368 12.418 14.3 (V) (1) 1.9 (1) 6 (1) 16 (1) D (1) Fe II (7) 1.62 ± 0.12 epar (29) 0.18 ± 0.1 (45)
V1500 Cyg 89.823 -0.072 16 (V) (1) 1.9 (1) 2 (1) 4 (1) S (1) hybrid (16) 0.14 (4) 1.5 ± 0.2 epar (29) 0.45 ± 0.07 (6)
V1819 Cyg 71.372 3.978 7.7 (V) (1) 9.3 (1) 95 (1) 181 (1) J (1) Fe II (7) 2742 (46) 7.4 ± 1.4 epar (7) 0.35 ± 0.15 (46)
V1974 Cyg 89.134 7.819 12.6 (V) (1) 4.3 (1) 19 (1) 43 (1) P (1) Fe II (16) 2000 (47) 0.08126 (48) 3.0 ± 0.2 epar (16) 0.26 ± 0.03 (49)
V2274 Cyg 73.042 1.991 >8.5 (V) (1) 11.5 (1) 22 (1) 33 (1) D (1) 950 (50) 9.0 ± 2.0 rdr (6) 1.33 ± 0.1 (6)
V2275 Cyg 89.317 1.391 11.5 (V) (1) 6.9 (1) 3 (1) 8 (1) S (1) cRN: (14) 2100 (51) 0.315 (4) 3.62 ± 0.47 rdr (6) 1.0 ± 0.1 (51)
V2467 Cyg 80.069 1.842 >11.6 (V) (1) 7.4 (1) 8 (1) 20 (1) O (1) Fe II 950 (52) 0.159 (53) 1.5 ± 0.3 rdr (6) 1.4 ± 0.2 (6)
V2468 Cyg 66.808 0.246 7.57 (1) 9 (1) 20 (1) hybrid (54) 1800-2300 (54) 0.242 (55) 6.8 ± 1.0 rdr (6) 0.78 ± 0.1 (6)
V2491 Cyg 67.229 4.353 ∼12.5 (V) (1) 7.5 (1) 4 (1) 16 (1) C (1) He/N (56) cRN (14) 4860 (57) 2.1 ± 1.4 rdr (6) 0.23 ± 0.01 (58)
HR Del 63.43 -13.972 8.5 (V) (1) 3.6 (1) 167 (1) 231 (1) J (1) Fe II (7) 0.214 (4) 1.01 ± 0.62 tpar (12) 0.17 ± 0.02 (13)
DQ Her 73.153 26.444 12.7 (V) (1) 1.6 (1) 76 (1) 100 (1) D (1) Fe II (7) 0.194 (4) 0.39 ± 0.03 tpar (59) 0.05 ± 0.02 (13)
V446 Her 45.409 4.708 11.3 (V) (1) 4.8 (1) 20 (1) 42 (1) S (1) He/N (1) 0.207 (60) 1.35 ± 0.26 epar (9) 0.37 ± 0.04 (6)
V533 Her 69.189 24.273 12 (V) (1) 3 (1) 30 (1) 43 (1) S (1) Fe II (1) 0.21 (30) 1.25 ± 0.3 epar (61) 0.03 ± 0.02 (13)
CP Lac 102.141 -0.837 13 (V) (1) 2 (1) 5 (1) 9 (1) S (1) hybrid (7) 0.145 (11) 1.35 ± 0.26 epar (62) 0.27 ± 0.06 (6)
DK Lac 105.237 -5.352 7.9 (V) (1) 5.9 (1) 55 (1) 202 (1) J (1) Fe II (7) 0.1296 (63) 3.9 ± 0.5 epar (29) 0.22 ± 0.06 (13)
BT Mon 213.859 -2.623 7.6 (V) (1) 8.1 (1) 118 (1) 182 (1) F (1) cRN: (14) 2100 (64) 0.334 (4) 1.8 ± 0.3 epar (65) 0.24 ± 0.06 (13)
IM Nor 327.098 2.485 9.8 (V) (1) 8.5 (1) 50 (1) 80 (1) P (1) RN (2) 2380 (66) 0.102 (67) 2.4 ± 0.8 rdr (6) 0.8 ± 0.2 (6)
V382 Nor 332.29 -0.995 <10.5 (V) (37) 8.9 (68) 12 (69) 18 (69) Fe II (21) 1850 (22) 4.0 ± 0.53 rdr (6) 0.85 ± 0.15 (6)
RS Oph 19.8 10.372 6.2 (V) (1) 4.8 (1) 7 (1) 14 (1) P (1) RN (2) 3930 (70) 455.72 (4) 4.2 ± 0.9 comp. (2) 0.73 ± 0.1 (71)
V2487 Oph 6.604 7.775 8.2 (V) (1) 9.5 (1) 6 (1) 8 (1) P (1) RN (2) 10000 (72) 1.12 ± 0.33 rdr (6) 0.4 ± 0.08 (6)
V2615 Oph 4.148 3.302 <11.4 (V) (37) 8.52 (73) 26.5 (73) 48.5 (73) Fe II (74) 800 (75) 2.1 ± 0.8 rdr (6) 0.95 ± 0.15 (6)
V2672 Oph 1.019 2.529 <10.3 (V,c) (37) 10 (76) 2.3 (77) 6 (14) He/N (74) cRN (14) 8000 (78) 3.12 ± 0.69 rdr (6) 1.6 ± 0.1 (43)
GK Per 150.956 -10.104 12.8 (V) (1) 0.2 (1) 6 (1) 13 (1) O (1) Fe II (7) 1.9968 (4) 0.48 ± 0.03 tpar (59) 0.34 ± 0.04 (13)
RR Pic 272.355 -25.672 11.2 (V) (1) 1 (1) 73 (1) 122 (1) J (1) Fe II (7) 0.145 (4) 0.41 ± 0.07 tpar (12) 0.0 ± 0.02 (13)
CP Pup 252.926 -0.835 >18.8 (V) (1) 0.7 (1) 4 (1) 8 (1) P (1) He/N (7) cRN: (14) 0.061 (4) 1.14 ± 0.23 epar (7) 0.2 (79)
V351 Pup 252.723 -0.733 13.2 (V) (1) 6.4 (1) 9 (1) 26 (1) P (1) Fe II (21) 0.1182 (80) 4.7 ± 0.6 epar (81) 0.48 ± 0.1 (22)
V445 Pup 241.124 -2.192 6 (V) (1) 8.6 (1) 215 (1) 240 (1) D (1) Fe II (82) 0.65065 (37) 8.2 ± 0.3 epar (83) 0.51 (82)
T Pyx 257.207 9.707 9.1 (V) (1) 6.4 (1) 32 (1) 62 (1) P (1) hybrid (84) RN (2) 5350 (85) 0.076 (4) 4.8 ± 0.5 mult. (86) 0.25 ± 0.02 (87)
U Sco 357.669 21.869 10.1 (V) (1) 7.5 (1) 1 (1) 3 (1) P (1) He/N (88) RN (2) 5700 (89) 1.231 (4) 12.0 ± 2.0 comp. (2) 0.14 ± 0.12 (90)
V745 Sco 357.358 -3.999 9.2 (2) 9.4 (2) 6.2 (2) 9 (2) He/N (21) RN (2) 3600 (91) 510.0 (92) :7.8 ± 1.8 comp. (2) 1.0 ± 0.2 (2)
V1187 Sco 355.724 1.451 8.2 (V) (1) 9.8 (1) 10 (1) 17 (1) S (1) Fe II (21) cRN: (14) 3000 (93) 354.0 (37) 3.2 ± 0.12 rdr (6) 1.3 (93)
V1280 Sco 351.331 6.553 17.21 (V) (94) 3.79 (95) 21.3 (94) 34.3 (94) Fe II (74) 640 (96) 1.1 ± 0.5 epar (97) 0.32 ± 0.05 (6)
V1309 Sco 359.786 -3.135 12.5 (V) (37) 7.9 (98) 20 (98) 25 (98) 670 (99) 2.5 ± 0.4 rdr (6) 0.55 ± 0.05 (6)
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Table 5 – continued
Nova
l b Amplitudea Vmax t2 t3 LC type Spec type RN type
FWHM Porb D methodb
E(B −V )
(deg) (deg) (mag) (mag) (days) (days) (km/s) (days) (kpc) (mag)
V1324 Sco 357.426 -2.872 <10 (V) (37) 10.14 (100) 25 (100) 29.5 (100) Fe II (74) 2000 (74) 0.133 (101) :4.3 ± 0.9 rdr (6) 1.16 ± 0.12 (102)
V496 Sct 25.284 -1.768 <11.9 (V) (37) 7.07 (103) 59 (103) 90 (103) Fe II (103) 1200 (103) 3.2 ± 0.8 rdr (6) 0.57 ± 0.06 (6)
FH Ser 32.909 5.786 12.3 (V) (1) 4.5 (1) 49 (1) 62 (1) D (1) Fe II (7) 0.95 ± 0.05 epar (61) 0.6 ± 0.1 (6)
LW Ser 12.959 6.047 11.1 (V) (1) 8.3 (1) 32 (1) 52 (1) D (1) 2.34 ± 0.46 epar (62) 0.39 ± 0.1 (6)
V732 Sgrd 2.53 -1.188 ∼9.6 (V) (1) 6.4 (1) 65 (1) 75 (1) D (1) 3.0 ± 0.2 rdr (6) 0.81 ± 0.16 (104)
V3890 Sgr 9.204 -6.443 7.4 (V) (1) 8.1 (1) 6 (1) 14 (1) S (1) hybrid (21) RN (2) 2140 (105) 519.7 (92) 7.0 ± 1.6 comp. (2) 0.9 ± 0.3 (2)
V4643 Sgrd 3.345 -0.337 >8.3 (V) (1) 7.7 (1) 3 (1) 6 (1) S (1) cRN (14) 4700 (106) 3.1 ± 0.2 rdr (6) 1.47 ± 0.2 (107)
V5558 Sgr 11.611 0.207 <13.5 (V) (37) 8.3 (108) 281 (108) 473 (108) hybrid (108) 1000 (109) 2.1 ± 0.4 rdr (6) 0.8 ± 0.1 (110)
XX Tau 187.104 -11.653 12.6 (p) (4) 6 (7) 24 (7) 43 (7) Fe II (7) 3.5 ± 0.7 epar (9) 0.22 ± 0.03 (10)
V382 Vel 284.167 5.772 13.8 (V) (1) 2.8 (1) 6 (1) 13 (1) S (1) He/N (21) 2400 (111) 0.14613 (112) 0.8 ± 0.1 epar (113) 0.12 ± 0.03 (6)
LV Vul 63.302 0.846 10.8 (V) (1) 4.5 (1) 20 (1) 38 (1) S (1) Fe II (7) 2.5 ± 0.5 epar (114) 0.57 ± 0.05 (6)
NQ Vul 55.355 1.29 11 (V) (1) 6.2 (1) 21 (1) 50 (1) D (1) Fe II (7) 1.6 ± 0.8 epar (29) 0.92 ± 0.2 (6)
PW Vul 61.098 5.197 10.5 (V) (1) 6.4 (1) 44 (1) 116 (1) J (1) Fe II (7) 0.214 (115) 1.8 ± 0.05 epar (7) 0.55 ± 0.1 (107)
QU Vul 68.511 -6.026 12.6 (V) (1) 5.3 (1) 20 (1) 36 (1) P (1) Fe II (7) cRN: (14) 0.112 (4) 3.14 epar (116) 0.55 ± 0.05 (117)
QV Vul 53.859 6.974 10.9 (V) (1) 7.1 (1) 37 (1) 47 (1) D (1) Fe II (7) 920 (118) 2.7 ± 0.54 epar (7) 0.4 ± 0.05 (6)
1b. The novae that are not used in MMRD analyses.
V1301 Aqlc,e 40.225 -3.68 10.7 (p,V) (4) 10.3 (119) 21 (27) 35 (119) 2.2 ± 0.3 rdr (6) 0.61 (120)
V1493 Aqlc 45.908 2.155 ∼10.9 (V) (1) 10.1 (1) 9 (1) 50 (1) C (1) cRN: (14) 3280, 3400 (121) 0.156 (4) 1.72 ± 0.66 rdr (6) 0.57 ± 0.14 (6)
V868 Cen f 309.508 -1.028 11.2 (V) (1) 8.7 (1) 31 (1) 82 (1) J (1) Fe II (21) 700 (122) 5.2 ± 0.4 rdr (6) 1.72 ± 0.1 (6)
V888 Cenc,d 304.311 2.649 7.2 (V) (1) 8 (1) 38 (1) 90 (1) O (1) Fe II (1) :1.28 ± 0.9 rdr (5) 0.34 (123)
AR Circ,e 317.039 -0.372 9 (B,p) (124) 10.5 (124) 208 (124) 330 (124) 0.214 (125) 3.15 ± 0.56 rdr (6) 2.0 ± 0.4 (6)
BY Circ 315.022 -3.723 10.5 (V) (1) 7.4 (1) 35 (1) 124 (1) P (1) 1500 (126) 0.282 (4) 1.0 ± 0.2 rdr (6) 0.13 ± 0.06 (6)
V394 CrAc,d 352.822 -7.723 11.2 (V) (2) 7.2 (2) 2.4 (2) 5.2 (2) RN (2) 4600 (89) 1.516 (92) :2.0 rdr (6) :0.2 (6)
Q Cygc 89.929 -7.552 12.6 (V) (4) 3 (26) 5 (26) 11 (26) cRN: (14) 0.42 (11) 1.22 ± 0.9 rdr (6) 0.26 ± 0.06 (13)
HY Lupc,e 318.536 8.629 10.9 (V) (4) 8 (127) 15 (80) >23 (7) 2700 (128) 1.8 ± 0.36 epar (7) 0.34 ± 0.09 (129)
V959 Mone 206.341 0.076 8.1 (V) (37) 0.2965 (37) 1.4 ± 0.4 epar (130) 0.38 ± 0.1 (131)
V972 Ophd,e 359.376 2.428 9.5 (B) (4) 8 (26) 50 (27) 176 (26) 0.2812 (125) :0.87 ± 0.15 rdr (6) 0.5 ± 0.1 (132)
V2214 Ophc 355.373 5.725 12 (V) (1) 8.5 (1) 60 (1) 89 (1) S (1) Fe II (21) 1025 (133) 0.118 (4) :2.6 ± 1.0 rdr (6) 0.73 ± 0.1 (6)
V2576 Ophc,d,e 356.2 5.369 <7.8 (V) (37) 9.2 (134) 20 (20) 29 (20) Fe II (74) 1470 (134) 1.8 ± 1.0 rdr (6) 0.62 (135)
V2674 Ophd,e 357.842 3.579 <10.7 (V) (37) 9.4 (136) 18 (136) 31 (136) 1.65 ± 0.38 rdr (6) 0.7 ± 0.1 (136)
V529 Oric,e 188.935 -1.937 13.6 (V) (37) ?1.29 ± 0.35 rdr (6) 0.32 ± 0.02 (137)
V992 Scod, f 343.824 -1.602 9.5 (V) (1) 7.7 (1) 100 (1) 120 (1) D (1) Fe II (21) 800 (138) 0.154 (4) 2.63 ± 0.35 rdr (6) 1.3 ± 0.1 (6)
V977 Scoe 357.604 -2.997 11.6 (j,p) (4) 9.4 (26) 8 (26) Fe II (21) 3.3 ± 0.6 rdr (6) 0.92 ± 0.1 (6)
ASASSN-17hxd,e 17.973 -2.224 10.4 (G,V) (37) 10.9 (139) Fe II (139) 800 (140) :3.99 ± 1.0 rdr (5) 0.68 (139)
EU Scth 29.727 -2.98 9.6 (p) (4) 8.4 (26) 20 (26) 42 (26) cRN: (14) 5.1 ± 1.7 epar? (141) 0.84 (142)
V368 Sctc 24.669 -2.629 12.1 (p,V) (4) 6.9 (119) 16 (27) 30 (119) ?1.94 ± 0.95 rdr (6) 0.5 (143)
V373 Sctc 26.504 -4.397 >12.2 (V) (1) 6.1 (1) 47 (1) 79 (1) J (1) 0.1536 (125) :1.1 ± 1.0 rdr (6) 0.23 ± 0.04 (144)
V443 Sctc 27.218 -2.421 >11.5 (V) (1) 8.5 (1) 33 (1) 60 (1) J (1) Fe II (21) 1400 (145) :1.25 ± 0.7 rdr (5) 0.4 ± 0.05 (6)
V476 Scte 24.741 1.213 <6 (V) (37) 11.1 (146) 15 (146) 28 (146) Fe II (21) 1200 (74) 11.3 ± 1.9 rdr (6) 1.9 ± 0.1 (6)
CT Sere 24.482 47.563 8.7 (p,V) (4) 5 (26) 100 (30) >100 (30) cRN: (14) 0.195 (4) 1.4 ± 0.28 epar (7) ?0.23 (142)
MU Serc,e 14.067 5.555 <12.3 (V) (37) 7.7 (26) 2.5 (8) 5 (26) 1230 (8) :0.72 ± 0.53 rdr (6) ?0.4 ± 0.1 (147)
HM Sgee,g 53.566 -3.15 11.3 (148) 535.0 (37) 1.78 ± 0.1 epar (149) 0.6 ± 0.1 (150)
WY Sgec,e 53.368 -0.739 4.2 ± 0.4 rdr (6) 1.6 ± 0.3 (6)
V1016 Sgrc,e,g 7.033 -4.807 8.5 (p) (4) 8.4 (26) 140 (26) :1.5 ± 1.2 rdr (5) 0.35 ± 0.04 (151)
V1172 Sgrc,e 7.639 3.335 9 (j,p) (4) 14 (24) 6 (24) 2000-3000 (152) :0.86 ± 0.14 rdr (6) ?0.4 (142)
V3645 Sgrc,d,e 14.515 -5.093 5.4 (p) (4) 8? (119) 300? (119) :1.33 ± 1.33 rdr (5) :0.39 (142)
V3888 Sgre 9.085 4.658 12 (V) (4) 2.5 epar (7) 0.82 (6)
V4077 Sgre 7.427 -8.319 14 (j,V) (4) 8 (26) 20 (26) 100 (26) 0.16 (30) 1.6 ± 1.0 rdr (6) 0.32 ± 0.03 (6)
V4160 Sgrc 0.2 -6.968 >12 (V) (1) 7 (1) 2 (1) 3 (1) S (1) He/N (153) cRN (14) 4500 (154) 1.85 ± 1.2 rdr (6) 0.35 ± 0.04 (6)
V4169 Sgrc 4.558 -6.964 >9.1 (V) (1) 7.9 (1) 24 (1) 36 (1) S (1) Fe II (21) ?1.9 ± 0.7 rdr (6) 0.35 ± 0.05 (6)
V4332 Sgrc,e 13.628 -9.4 9.8 (V) (4) 8.1 (20) 7 (20) 10 (20) 1.14 ± 1.0 rdr (6) 0.32 ± 0.07 (6)
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Table 5 – continued
Nova
l b Amplitudea Vmax t2 t3 LC type Spec type RN type
FWHM Porb D methodb
E(B −V )
(deg) (deg) (mag) (mag) (days) (days) (km/s) (days) (kpc) (mag)
V4444 Sgrc 3.818 -3.389 >13.4 (V) (1) 7.6 (1) 5 (1) 9 (1) S (1) cRN? (14) 800 (155) 2.27 ± 0.58 rdr (6) 0.45 ± 0.1 (6)
V4633 Sgrc 5.128 -6.231 11.3 (V) (1) 7.4 (1) 17 (1) 44 (1) P (1) Fe II (114) cRN: (14) 1700 (114) 0.12557 (156) :1.36 ± 0.46 rdr (6) 0.26 ± 0.05 (6)
V5113 Sgrc,d,e 3.721 -4.091 <9.2 (V) (37) 550 (157) :0.95 ± 0.21 rdr (6) 0.1 ± 0.02 (158)
V5115 Sgrc,d 6.046 -4.567 >10.1 (V) (1) 7.9 (1) 7 (1) 13 (1) S (1) He/N (21) 1300 (159) ∼3.0 ± 1.0 rdr (6) 0.53 ± 0.05 (160)
V5116 Sgrc 2.136 -6.833 >8.4 (V) (1) 7.6 (1) 12 (1) 26 (1) S (1) Fe II (21) 970 (161) 0.1238 (162) :1.55 ± 0.7 rdr (6) 0.23 ± 0.06 (6)
V5117 Sgrd,e 354.624 -6.377 <7.8 (V) (37) 8.6 (163) 59 (164) 83 (165) Fe II (74) 1600 (74) 1.45 ± 0.33 rdr (6) 0.5 ± 0.1 (166)
V5588 Sgrc 7.84 -1.884 <8.7 (V) (37) 12.37 (167) 38 (167) 77 (167) hybrid (167) 900 (168) 3.13 ± 0.7 rdr (5) 1.2 ± 0.15 (169)
V5589 Sgrc 4.977 3.072 <7.2 (V) (37) 8.8 (170) 4.5 (74) 7 (74) hybrid (74) 5700 (74) :3.27 ± 0.6 rdr (5) 0.8 ± 0.19 (171)
RW UMie 109.638 33.15 12.5 (B,p) (4) 6 (26) 140 (26) 0.081 (30) 5.0 ± 2.0 epar (29) 0.03 ± 0.03 (10)
CK Vule 63.383 0.99 18.1 (V) (4) 2.6 (26) 40 (26) 100 (26) 4.48 ± 0.24 rdr (6) 0.75 ± 0.05 (6)
Notes: A “:” indicates an uncertain value, and “?” for unreliable value.
a Photometric band of amplitude are in parenthesis: first and second character for bands of lower and upper limit, respectively. If only one character is given, it is for both lower and upper limit.
b Method for calculation of distance: epar, expansion parallax; tpar, trigonometric parallax; rdr, reddening-distance relation, comp., companion star; mult., multiple models.
c Distance of the nova is uncertain owing to i.e. uncertain reddening estimates, differing in large scale, shallow reddening curve
d Calculation of distance for the nova depends on only one reddening estimates
e The nova have uncertain or missing light curve parameter(s)
f Intrinsic component of extinction may be contributing to the reddening of nova after outburst (Williams 1994) pulling luminosity of this nova to lower values.
g Symbiotic nova
h The distance measurement depends on various methods, not clearly stated; nebular expansion parallaxes, interstellar line strengths, differential galactic rotation, or several other methods.
References: (1) Strope et al. (2010), (2) Schaefer (2010), (3) Kiss et al. (2001), (4) Downes et al. (2001), (5) in this study, (6) Özdönmez et al. (2016), (7) Downes & Duerbeck (2000), (8) Tappert et al. (2014), (9) Cohen (1985), (10) Green et al. (2015),
(11) Peters & Thorstensen (2006), (12) Gaia Collaboration et al. (2016), (13) Selvelli & Gilmozzi (2013), (14) Pagnotta & Schaefer (2014), (15) della Valle & Duerbeck (1993), (16) Helton et al. (2012), (17) Kiss & Thomson (2000), (18) Barsukova et al.
(2013), (19) Iijima & Esenoglu (2003), (20) Burlak & Henden (2008), (21) Williams (2012), (22) Schwarz et al. (2011), (23) Lane et al. (2007), (24) Hounsell et al. (2011), (25) Helton et al. (2008a), (26) Shafter (1997), (27) Warner (1987), (28)
Zhao & McClintock (1997), (29) Slavin et al. (1995), (30) Diaz & Bruch (1997), (31) Eyres et al. (1996), (32) Goranskij et al. (2007), (33) Iijima & Rosino (1996), (34) Lyke & Campbell (2009), (35) Munari et al. (1996), (36) Sekiguchi et al. (1989), (37)
AAVSO database, (38) Helton et al. (2010), (39) Bloch et al. (1946), (40) Munari et al (2016), (41) Lyke et al. (2003), (42) della Valle & Benetti (1997), (43) Munari et al. (2011a), (44) Iijima (2015), (45) Krautter et al. (1981), (46) Whitney & Clayton
(1989), (47) Greiner et al. (2003), (48) De Young & Schmidt (1994), (49) Chochol et al. (1997), (50) Iijima (2001), (51) Kiss et al. (2002), (52) Nakano et al. (2007a), (53) Swierczynski et al. (2008), (54) Raj et al. (2015a), (55) Schwarz et al. (2009), (56)
Naik et al. (2009), (57) Tomov et al. (2008), (58) Munari et al. (2011b), (59) Harrison et al. (2013), (60) Thorstensen & Taylor (2000), (61) Gill & O’Brien (2000), (62) Cohen & Rosenthal (1983), (63) Katysheva & Shugarov (2007), (64) Sanford (1940),
(65) Gill & O’Brien (1998), (66) Orio et al. (2005), (67) Woudt & Warner (2003), (68) Liller et al. (2005a), (69) Hachisu & Kato (2007), (70) Bode et al. (2007), (71) Snijders (1987), (72) Lynch et al. (2000), (73) Munari et al. (2008a), (74) Walter et al.
(2012), (75) Nakano et al. (2007b), (76) Nakano et al. (2009), (77) Munari et al. (2011c), (78) Ayani et al. (2009), (79) Gilmozzi et al. (1994), (80) Woudt & Warner (2001), (81) Orio et al. (1996), (82) Iijima & Nakanishi (2008), (83) Woudt et al. (2009),
(84) Williams (2013), (85) Catchpole (1969), (86) Schaefer et al. (2013), (87) Gilmozzi & Selvelli (2007), (88) Mason et al. (2012), (89) Sekiguchi et al. (1988), (90) Maxwell et al. (2012), (91) Williams et al. (1991), (92) Schaefer (2009), (93) Lynch et al.
(2006a), (94) Hounsell et al. (2010a), (95) Yamaoka et al. (2007a), (96) Munari et al. (2007a), (97) Naito et al. (2012), (98) Mason et al. (2010), (99) Naito & Fujii (2008), (100) Munari et al. (2015a), (101) Wagner et al. (2012), (102) Finzell et al. (2015),
(103) Raj et al. (2012), (104) Weight et al. (1993), (105) Wagner et al. (1990), (106) Ayani et al. (2001), (107) Andreae et al. (1991), (108) Das et al. (2015), (109) Iijima et al. (2007), (110) Rudy et al. (2007), (111) Della Valle et al. (2002), (112)
Balman et al. (2006), (113) Tomov et al. (2015), (114) della Valle et al. (1998), (115) Hacke (1987), (116) Krautter et al. (2002), (117) Hachisu & Kato (2014), (118) Gallagher et al. (1987), (119) Duerbeck (1987), (120) Vrba et al. (1977), (121)
Tomov et al. (1999), (122) Jablonski et al. (1991), (123) Yan Tse et al. (2001), (124) Duerbeck & Grebel (1993), (125) Tappert et al. (2013), (126) Liller et al. (1995), (127) Liller (1993), (128) della Valle (1993), (129) for adopted parallax, (130)
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Table 6. The Galactic novae whose distances could not be estimated. Lower limits of distances for the novae, calculated from reddening-distance relations, are given as well. The column definitions are the same as
in Table 5.
2a. The novae with well-determined light curve parameters.
Nova
l b Amplitudea Vmax t2 t3 LC type Spec type RN type
FWHM Porb D E(B −V )
(deg) (deg) (mag) (mag) (days) (days) (km/s) (days) (kpc) (mag)
OS And 106.051 -12.117 11 (V) (1) 6.5 (1) 11 (1) 23 (1) D (1) 1740 (2) 0.15 ± 0.05 (3)
DO Aql 31.705 -11.806 9.5 (V) (1) 8.5 (1) 295 (1) 900 (1) F (1) 0.16776 (4)
V1370 Aql 38.813 -5.947 10.3 (V) (1) 7.7 (1) 15 (1) 28 (1) D (1) 730 (5) > 1.6 (6) 0.35 ± 0.05 (7)
V1419 Aql 36.811 -4.1 ∼13.4 (V) (1) 7.6 (1) 25 (1) 32 (1) D (1) > 4.7 (6) 0.5 ± 0.05 (3)
V1425 Aql 33.011 -3.893 ∼8 (V) (1) 8.0 (1) 27 (1) 79 (1) S (1) Fe II (1) 1340 (8) 0.2558 (4) > 2.2 (6) 1.0 ± 0.3 (9)
V356 Aql 37.418 -4.944 11.3 (V) (1) 7.0 (1) 127 (1) 140 (1) J (1) Fe II (1) cRN? (10) 1140 (5)
V528 Aql 36.687 -5.91 11.6 (V) (1) 6.9 (1) 16 (1) 38 (1) S (1) 915 (11)
V834 Car 290.18 -4.282 <8.8 (V) (4) 10.2 (12) 20 (13) 38 (13) Fe II (13)
N Cen 2012b 314.833 1.931 9.5 (13) 12.3 (13) 19.8 (13) Fe II (13)
V1039 Cen 309.837 -2.259 ∼11.7 (V) (1) 9.3 (1) 25 (1) 174 (1) J (1) 0.247 (4)
V1368 Cen 309.446 3.979 <8.4 (V) (4) 9.4 (13) 16 (13) 34 (13) Fe II (13)
IV Cep 99.614 -1.638 9.7 (B) (14) 7.0 (15) 11 (15) 37 (15) > 5.7 (6) 0.65 ± 0.05 (7)
V809 Cep 110.647 0.399 <8.7 (V) (4) 11.181 (16) 16 (16) 36 (16) Fe II (16) 500 (16) > 7.0 (6) 1.7 (16)
V962 Cep 97.314 9.819 <10 (V) (4) 11.5 (17) 22 (17) 42 (17) Fe II (17) 0.94 (17)
DD Cir 310.997 -7.727 12.6 (V) (1) 7.6 (1) 5 (1) 16 (1) P (1) cRN: (10) 0.0975 (4)
V693 CrA 357.83 -14.391 >14 (V) (1) 7.0 (1) 10 (1) 18 (1) S (1) cRN: (10) 4500 (18) 0.05 ± 0.05 (19)
V1330 Cyg 78.376 -5.491 7.6 (V) (1) 9.9 (1) 161 (1) 217 (1) S (1)
V1668 Cyg 90.837 -6.76 13.5 (V) (1) 6.2 (1) 11 (1) 26 (1) S (1) Fe II (20) 2400 (21) 0.1384 (4) 0.38 ± 0.08 (22)
V2362 Cyg 87.372 -2.357 >12.9 (V) (1) 8.1 (1) 9 (1) 246 (1) C (1) Fe II (23) 1850 (24) 0.06577 (25) > 6.0 (6) 0.56 (23)
V339 Del 62.199 -9.423 13.3 (V) (4) 4.4 (26) 10 (26) 18 (26) Fe II (27) 1421 (27) 0.18 ± 0.04 (26)
KT Eri 207.986 -32.02 5.42 (28) 6.6 (28) 13.6 (29) P (10) He/N (30) cRN (10) 3200-3400 (31) 0.08 (32)
DM Gem 185.127 11.728 11.9 (V) (14) 4.8 (15) 6 (15) 22 (15) 0.123 (4)
DN Gem 184.018 14.714 12 (V) (1) 3.6 (1) 16 (1) 35 (1) P (1) Fe II (1) cRN: (10) 0.12784 (4) 0.17 ± 0.02 (33)
V827 Her 45.808 8.594 10.6 (V) (1) 7.5 (1) 21 (1) 53 (1) S (1) 0.1 (34)
V838 Her 43.316 6.619 13.8 (V) (1) 5.3 (1) 1 (1) 4 (1) P (1) He/N (35) cRN (10) 5000 (36) 0.29764 (37) > 2.5 (6) 0.5 ± 0.1 (38)
HR Lyr 59.584 12.47 9.3 (p) (14) 6.5 (15) 45 (15) 97 (39) cRN: (10) 0.18 ± 0.06 (33)
LZ Mus 297.253 -3.312 >9.5 (V) (1) 8.5 (1) 4 (1) 12 (1) P (1) cRN: (10)
V2264 Oph 358.777 5.863 >11 (V) (1) 10.0 (1) 22 (1) 30 (1) S (1) Fe II (35) 2300 (40)
V2295 Oph 2.378 6.973 >11.7 (V) (1) 9.3 (1) 9 (1) 16 (1) F (1) Fe II (35) > 1.4 (6) 0.75 ± 0.2 (41)
V2313 Oph 6.999 6.976 >12.5 (V) (1) 7.5 (1) 8 (1) 17 (1) S (1) 2500 (42)
V2540 Oph 9.75 8.152 >12.9 (V) (1) 8.1 (1) 66 (1) 115 (1) J (1) 0.28478 (43)
V2673 Oph 5.493 4.958 <11.7 (c,V) (4) 8.5 (44) 10 (44) 23.5 (44) > 1.2 (45) 0.71 (44)
V3661 Oph 358.329 1.471 <11.4 (Ic,R) (4) 10.79 (46) 3.9 (46) 5.7 (46) Fe II (47) > 4.7 (45) 2.37 (46)
V849 Oph 39.233 13.48 11.2 (V) (1) 7.6 (1) 140 (1) 270 (1) F (1) Fe II (1) 0.17276 (4)
V574 Pup 242.57 -1.993 10.2 (V) (1) 7.0 (1) 12 (1) 27 (1) S (1) Fe II (48) cRN: (10) 2830 (49) 0.0472: (4) > 6.0 (6) 0.5 (50)
T Sco 352.675 19.462 <15.2 (B,V) (14) 7.0 (15) 9 (15) 21 (51) 0.35 (52)
V1141 Sco 0.003 -2.171 9.1 (V) (14) 10.5 (53) 17 (53) 46 (53) cRN: (10) 3200 (54)
V1186 Sco 354.403 4.81 >8.3 (V) (1) 9.7 (1) 12 (1) 62 (1) J (1) Fe II (35) 500 (55)
V1188 Sco 355.303 -2.557 >10.1 (V) (1) 8.9 (1) 11 (1) 23 (1) S (1) Fe II (13) cRN: (10) 1730 (56)
V1534 Sco 354.334 3.992 7 (R) (4) 11.55 (46) 5.6 (46) 9.2 (46) He/N (57) 7000 (46) > 2.0 (45) 1.11 (46)
V1535 Sco 349.898 3.938 7.3 (V) (4) 9.3 (46) 13.9 (46) 21.1 (46) He/N (17) > 2.0 (45) 1.03 (46)
EU Sct 29.727 -2.98 9.6 (p) (14) 8.4 (15) 20 (15) 42 (15) cRN: (10) >8.96 (45) 0.84 (58)
V444 Sct 25.012 -2.854 9.5 (r,V) (14) 11.4 (53) 9 (53) 23 (53) > 5.0 (6) 1.05 (59)
V475 Sct 24.201 -3.947 <7.6 (V) (4) 8.6 (53) 50 (53) 55 (53) Fe II (60) 1350 (13) > 5.2 (6) 0.69 ± 0.05 (60)
HS Sge 54.471 -1.931 13.5 (V) (1) 7.2 (1) 15 (1) 21 (1) P (1) 1600 (11)
V4021 Sgr 10.556 -7.696 9.1 (V) (1) 8.9 (1) 56 (1) 215 (1) P (1) 0.45 ± 0.03 (61)
V4157 Sgr 5.322 -3.066 <14 (j,p) (14) 9.6 (53) 18 (53) 41 (53) > 4.8 (6) 1.0 (59)
V4171 Sgr 9.38 -4.54 12.5 (j,p) (14) 6.9 (53) 10 (53) 20 (53) 1200 (62) > 2.9 (6) 0.61 (59)
V4327 Sgr 2.477 -5.425 <4 (V ) 8.4 (53) 19 (53) 30 (53) cRN: (10) 2400 (63)
V4361 Sgr 13.701 -2.277 6.3 (V,p) (14) 10.3 (53) 52 (53) 86 (53) cRN: (10)
V4642 Sgr 8.991 2.83 <8.6 (V) (14) 11.8 (53) 83 (53) 125 (53) > 4.5 (6) 1.51 ± 0.16 (64)
V4739 Sgr 3.211 -7.966 >10.8 (V) (1) 7.2 (1) 2 (1) 3 (1) S (1) He/N (65) cRN (10) 5510 (65) > 1.8 (6) 0.46 ± 0.04 (66)
V4740 Sgr 1.456 -5.708 >11.3 (V) (1) 6.7 (1) 18 (1) 33 (1) S (1)
V4741 Sgr 359.899 -3.675 <8.8 (V) (14) 9.9 (53) 10 (53) 28 (53) 2800 (67)
V4742 Sgr 4.986 -1.39 >10.1 (V) (1) 7.9 (1) 9 (1) 23 (1) S (1) Fe II (68) cRN: (10) 2500 (68) 0.13362 (4)
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Table 6 – continued
Nova
l b Amplitudea Vmax t2 t3 LC type Spec type RN type
FWHM Porb D E(B −V )
(deg) (deg) (mag) (mag) (days) (days) (km/s) (days) (kpc) (mag)
V4743 Sgr 14.124 -11.877 11.8 (V) (1) 5.0 (1) 6 (1) 12 (1) S (1) Fe II (13) cRN: (10) 2400 (69) 0.281 (70) 0.25 (71)
V4745 Sgr 1.493 -12.382 >9.7 (V) (1) 7.3 (1) 79 (1) 190 (1) J (1) Fe II (13) 1600 (72) 0.20782 (73) 0.1 (74)
V5114 Sgr 3.943 -6.312 >12.9 (V) (1) 8.1 (1) 9 (1) 21 (1) S (1) Fe II (35) 2000 (75) > 0.99 (45) 0.6 ± 0.3 (75)
V5583 Sgr 358.1 -6.394 <12.7 (V) (4) 7.43 (76) 4.97 (77) 9.52 (77) He/N (77) 2300 (76)
V5855 Sgr 3.981 -4.025 <14.3 (V) (4) 7.54 (46) 18 (46) 23.5 (46) Fe II (46) > 2.3 (45) 0.5 (46)
V5856 Sgr 4.293 -6.461 5.9 (46) 11.3 (46) 14.5 (46) Fe II (78) 1.02 (46)
MASTER J01∗ 301.636 -42.304 9.5 (46) 8.8 (46) 17.4 (46) He/N (79)
2b. The novae with uncertain light curve parameters.
V458 Vul 58.633 -3.617 10.2 (V) (4) 8.1 (80) 8 (80) 21 (80) hybrid (81) 1750 (82) 0.06812 (83) > 6.0 (6) 0.5 ± 0.05 (7)
LS And 119.103 -20.758 8.8 (p) (14) 11.7 (51) 8 (51)
EL Aql 30.497 -2.536 13.6 (p) (14) 6.4 (15) 12 (84) 25 (15) 1230 (85)
EY Aql 51.222 -2.476 9.5 (r,p) (14) 9.5 (84) 20 (84) 40 (51)
V1378 Aql 39.126 -3.88 11 (p) (14) 10.0 (15) 15 (15)
V1680 Aql 45.779 3.56 <11.3 (V) (4) 9.7 (86) 31 (86) 66 (86) > 3.7 (6) 1.0 (86)
V1722 Aql 49.085 2.015 <10.7 (V) (4) 9.0 (87) 7 (87) 16 (87) > 12.0 (6) 1.35 (87)
V1830 Aql 37.097 -0.985 <4.8 (V) (4) 15.2 (16) Fe II (16) 1090-1435 (16) > 12.0 (6) 2.6 (16)
V368 Aql 43.728 -4.266 10.4 (p) (14) 6.1 (15) 15 (15) 42 (15) cRN: (10) 0.69051 (4) 0.77 (58)
V604 Aql 30.182 -4.395 12.8 (p) (14) 7.6 (15) 8 (5) 25 (15) cRN? (10) 1050 (5)
V606 Aql 36.127 -6.504 10.6 (p) (14) 5.5 (15) 25 (15) 65 (15) P (85) cRN: (10) 1280 (85)
QZ Aur 174.355 -0.73 11.5 (B,p) (14) 5.0 (15) 13 (15) 26 (88) 0.3575 (4) 0.55 (58)
V365 Car 289.169 1.495 8.4 (V,p) (14) 10.1 (51) 530 (51) 0.2229 (89)
V679 Car 291.47 -0.548 <12.2 (V) (4) 7.55 (90) 11 (91) 21.5 (91) Fe II (13) 2000 (13)
BC Cas 115.544 -1.703 6.7 (p) (14) 10.7 (51) 75 (51)
MT Cen 294.736 1.233 11.4 (V,p) (4) 8.4 (15) 11 (5) 910 (5)
V1047 Cen 306.303 0.049 <2.2 (V) (4) 8.5 (92) 6 (93) 26 (93) Fe II (13) 840 (92)
V1213 Cen 307.286 -1.426 15.9 (V) (4) 8.53 (94) 10 (91) 17 (91) Fe II (13) 2300 (95) 0.212 (4) > 6.68 (45) 0.9 ± 0.1 (96)
RR Cha 304.165 -19.541 12.2 (j,p) (14) 7.1 (15) 25 (84) 60 (15) 0.1401 (4)
X Cir 314.263 -4.817 <10 (p) (4) 6.2 (15) 3.3 (84) 170 (15) 1420 (5)
DZ Cru 299.455 2.305 <10.3 (V) (4) 9.2 (97) 15 (97) Fe II (13) 1280 (13)
V2361 Cyg 76.406 3.676 <8.9 (V) (4) 9.3 (98) 6 (93) 8 (93) 3200 (99) > 7.6 (6) 1.2 (100)
V465 Cyg 71.907 4.764 12.2 (V,p) (14) 7.3 (15) 40 (15) 140 (15)
DI Lac 103.107 -4.855 <10.4 (B,V) (14) 4.6 (15) 20 43 (15) 0.54377 (4) 0.26 ± 0.04 (33)
PR Lup 319.977 3.664 <8.4 (V) (4) 8.6 (101) 1.9 (91) 2.6 (91) Fe II (13) 1700 (102)
GI Mon 222.93 4.749 11 (B,p) (14) 5.2 (15) 13 (84) 23 (15) 0.1802 (4) 0.1 ± 0.04 (33)
KT Mon 205.1 -3.299 9.8 (15) 20 (84) 40 (15)
V838 Mon 217.798 1.052 9.3 (V) (4) > 7.0 (6) 0.87 ± 0.01 (103)
GQ Mus 297.212 -4.996 11.1 (B,V) (14) 7.2 (104) 18 (104) 45 (15) 1000 (105) 0.05938 (106) > 2.0 (6) 0.45 ± 0.05 (3)
QY Mus 305.333 -4.859 <11.5 (B,V) (4) 8.1 (107) 60 (108) Fe II (13) 1550 (13)
IL Nor 326.835 4.81 11 (j,p) (14) 7.0 (15) 54 (84) 108 (15)
V341 Nor 330.424 -1.608 >4 (V) (4) 9.4 (15) 14 (15)
V390 Nor 338.337 2.006 <10.2 (V) (4) 9.8 (109) 49.5 (109) 72 (91) Fe II (13)
V2024 Oph 2.988 2.69 <7 (V) (14) 9.5 (15) 15 (84)
V2104 Oph 38.251 15.929 11.7 (V) (14) 8.8 (5) 6 (5) <29 (5) 870 (5)
V2290 Oph 7.235 5.09 <12.7 (V) (4) 9.3 (15) 50 (15)
V2573 Oph 358.137 5.726 <9.5 (V) (4) 10.4 (53) 66 (53) 99 (53) Fe II (35) 1300 (13)
V2574 Oph 3.841 4.183 <9.8 (V) (4) 10.5 (53) 27 (53) >50 (53) Fe II (35) 1500 (110)
V2575 Oph 19.8 10.372 <12.5 (V) (4) 11.1 (111) 20 (108) Fe II (35) 560 (111) > 2.0 (6) 1.42 (112)
V2670 Oph 3.666 3.78 <9.9 (V) (4) 9.9 (113) 15 (108) Fe II (13) 600 (114) > 4.5 (6) 1.3 (115)
V2671 Oph 0.199 3.285 <7.9 (c,V) (4) 11.1 (116) 8 (108) Fe II (13) 1210 (117) > 4.0 (6) 2.0 (118)
V2677 Oph 2.858 3.255 <10.4 (V) (4) 10.6 (119) 6 (91) 11 (91) Fe II (13) 3000 (13)
V553 Oph 3.16 2.652 9.5 (j,p) (14) 11.0 (51) 45 (51)
V794 Oph 4.38 4.502 6.3 (V,p) (14) 11.7 (51) 220 (51) cRN? (10)
V840 Oph 353.097 8.729 12.8 (V,p) (14) 5.5 (15) 20 (15) 36 (15) 0.45 ± 0.15 (120)
V841 Oph 7.621 17.779 9.3 (V) (14) 2.0 (15) 56 (15) 130 (15) 0.6013 (4) 0.44 ± 0.06 (33)
V906 Oph 3.589 7.473 <4.6 (p) (14) 8.4 (15) 25 (15)
V400 Per 145.663 -9.644 11.7 (B,V) (14) 7.8 (15) 20 (15) 43 (15) 0.16 ± 0.04 (61)
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Table 6 – continued
Nova
l b Amplitudea Vmax t2 t3 LC type Spec type RN type
FWHM Porb D E(B −V )
(deg) (deg) (mag) (mag) (days) (days) (km/s) (days) (kpc) (mag)
DY Pup 245.823 4.362 12.6 (V,p) (14) 7.0 (15) 118 (84) 160 (15) 0.139 (4)
HS Pup 247.756 -2.112 10.8 (B) (14) 8.0 (15) 33 (84) 65 (15) 0.2671 (89)
HZ Pup 246.179 1.385 9.3 (B) (14) 7.7 (15) 35 (84) 70 (15) 0.213 (4)
V597 Pup 252.53 0.545 13.8 (V) (4) 7.0 (121) 2.5 (122) He/N (122) 1800 (123) 0.11119 (124) > 8.0 (6) 0.3 (125)
V598 Pup 249.108 -13.814 13 (V) (4) 3.46 (29) 9 (126) 0.09 ± 0.08 (126)
KP Sco 354.058 -3.297 11.6 (j,p) (14) 9.4 (15) 21 (84) 38 (15)
V1142 Sco 359.289 -2.893 <10.3 (V) (14) 8.5 (53) 11 (53) >25 (53) 3800 (127)
V1281 Sco 348.856 4.798 <11 (V) (4) 8.8 (128) 15 (108) 1800 (129) 0.7 (130)
V1311 Sco 346.519 3.392 <9.5 (V) (4) 8.6 (131) 3 (91) 6 (91) He/N? (13) 3600 (13)
V1312 Sco 346.067 3.038 <9.5 (V) (4) 10.5 (132) 11 (91) 21 (91) Fe II (13) 1800 (13)
V696 Sco 354.887 -4.909 12 (j,p) (14) 7.5 (15) 9 (15) cRN: (10)
V697 Sco 353.333 -5.387 9.8 (c,p) (14) 8.0 (15) 8 (5) 15 (15) cRN: (10) 1550 (5) 0.1871 (4)
V707 Sco 353.713 -4.486 10.1 (j,p) (14) 9.6 (15) 49 (15)
V719 Sco 355.674 -2.664 10.7 (j,p) (14) 9.8 (15) 24 (15) 1800 (133)
V720 Sco 355.15 -4.468 13.5 (p) (14) 7.5 (15) 9 (84)
V721 Sco 354.758 -2.439 <7.9 (j,p) (14) 8.0 (15) 120 (84)
V722 Sco 355.167 -3.662 <3.6 (V) (14) 9.4 (15) 18 (15)
V723 Sco 354.946 -4.143 9.2 (j,p) (14) 9.8 (15) 11 (84) 17 (15) cRN: (10)
V902 Sco 349.294 -2.069 9 (j,p) (14) 11.0 (51) 200 (51)
V960 Sco 358.72 -3.506 9.5 (j,p) (14) 10.5 (51) > 4.2 (6) 1.3 (134)
FS Sct 28.895 -3.978 9.2 (B,p) (14) 10.1 (51) 86 (51) cRN: (10)
V463 Sct 17.838 -2.917 <11.1 (V,p) (14) 11.9 (53) 11 (53) >23 (53) 990 (135) > 4.0 (6) 0.8 ± 0.1 (135)
V477 Sct 20.568 -2.789 <8.6 (V) (4) 9.8 (136) 3 (136) 6 (136) Fe II (13) cRN (10) 2900 (137) > 4.0 (6) 1.2 (138)
RT Ser 13.895 9.971 6.9 (p,V) (4) 10.6 (51) > 1.2 (6) 0.64 ± 0.1 (139)
V378 Ser 14.167 7.428 <7.7 (p,V) (14) 11.6 (93) 44 (93) 90 (93) Fe II (35) 1100 (140) > 4.0 (6) 0.74 (141)
X Ser 10.841 31.872 9.4 (p) (14) 8.9 (84) 400 (84) cRN: (10) 1.478 (4) 0.25 (142)
AT Sgr 4.127 -2.172 8 (j,p) (14) 8.7 (84) 18 (84) 35 (51)
BS Sgr 5.997 -7.062 8.7 (V,p) (11) 9.2 (51) 700 (51) F (11) 640 (11)
FL Sgr 356.707 -5.594 11.7 (j,p) (14) 8.0 (15) 16 (84) 32 (15)
FM Sgr 8.118 -3.547 11.9 (j,p) (14) 8.0 (15) 15 (84) 30 (15)
HS Sgr 11.11 -4.783 5 (p) (14) 7.0 (51) 20 (51)
KY Sgr 3.943 -1.719 9.4 (j,p) (14) 8.0 (15) 60 (15)
V1012 Sgr 359.805 -5.253 12 (j,p) (14) 8.0 (84) 32 (51)
V1014 Sgr 3.639 -3.274 9.1 (j,p) (14) 10.9 (51) >50 (51)
V1015 Sgr 359.442 -6.126 13.9 (j,p) (14) 6.5 (15) 17 (84) 34 (15)
V1017 Sgr 4.491 -9.109 6.5 (V) (14) 7.2 (15) 130 (15) 5.714 (4) 0.39 ± 0.03 (143)
V1059 Sgr 22.306 -8.231 13.2 (B,p) (14) 2.0 (15) 10 (84) 0.2861 (4)
V1149 Sgr 4.124 -5.962 13.6 (j,p) (14) 7.4 (15) 210 (15) 960 (85)
V1150 Sgr 7.893 -4.086 <8.7 (j,p) (14) 12.0 (51) <600 (51)
V1151 Sgr 12.045 -3.597 8.9 (j,p) (14) 11.1 (51) 135 (51)
V1175 Sgr 1.175 -6.47 <5 (p) (14) 7.0 (15) 15 (84)
V1274 Sgr 9.885 5.068 <2.5 (p) (14) 10.4 (5) >20 (5) >38 (5) 1000 (5)
V1275 Sgr 355.069 -6.182 11 (j,p) (14) 7.0 (15) 10 (15) cRN: (10)
V1310 Sgr 4.16 -9.977 <3.8 (p) (14) 11.7 (51) 390 (51)
V1583 Sgr 8.138 -3.051 12.1 (j,p) (14) 8.9 (15) 20 (84) 37 (15) 780 (85)
V2572 Sgr 1.514 -10.422 11.5 (j,p) (14) 6.5 (15) 20 (84) 44 (15)
V363 Sgr 7.63 -17.072 11.2 (j,p) (14) 8.7 (15) 22 (5) 64 (15) 685 (5)
V3889 Sgr 1.916 -2.112 12.6 (j,V) (14) 8.4 (15) 5 (84) 14 (15)
V3964 Sgr 10.389 5.145 <7.6 (p) (14) 6.0 (15) 32 (15) 1320 (85)
V4074 Sgr 1.593 -6.689 3.6 (p) (4) 8.6 (51) 120 (51)
V4121 Sgr 2.545 -4.166 11.5 (j,V) (14) 9.5 (15) 60 (15)
V4135 Sgr 358.667 -4.313 11.5 (j,V) (14) 10.0 (15) 60 (15) 1000 (144)
V441 Sgr 7.0 -5.378 7.8 (p) (4) 8.0 (15) 53 (15)
V5579 Sgr 3.734 -3.023 <16.5 (V) (4) 6.65 (145) 8 (145) 13 (91) Fe II (13) 1500 (108) > 4.1 (6) 0.72 ± 0.06 (145)
V5584 Sgr 16.168 -3.1 <11.8 (V) (4) 9.2 (146) 25 (146) 46 (146) D (146) Fe II (13) 600 (147)
V5591 Sgr 7.223 2.538 <6.8 (V) (4) 9.7 (119) 2 (91) 7.5 (91) He/N (13) 4200 (13)
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Table 6 – continued
Nova
l b Amplitudea Vmax t2 t3 LC type Spec type RN type
FWHM Porb D E(B −V )
(deg) (deg) (mag) (mag) (days) (days) (km/s) (days) (kpc) (mag)
V5668 Sgr 5.38 -9.867 11.9 (V) (4) 4.32 (148) 100 (148) Fe II (148)
V630 Sgr 357.768 -6.967 1.6 (15) 4 (15) 11 (15)
V726 Sgr 5.479 -5.519 10.5 (51) 45 (84) 95 (51) 0.41141 (149)
V737 Sgr 2.531 -3.982 8.7 (j,p) (14) 10.7 (51) >70 (51)
V787 Sgr 0.235 -3.495 11.2 (j,p) (14) 9.8 (15) 23 (84) 74 (15)
V909 Sgr 358.767 -10.403 13.2 (j,p) (14) 6.8 (15) 3.8 (84) 7 (15) 0.14286 (89)
V927 Sgr 358.532 -6.3 12 (j,p) (14) 7.3 (15) 15 (15)
V928 Sgr 4.341 -5.969 11.6 (j,p) (14) 8.5 (15) 88 (5) 150 (15) 690 (5)
V990 Sgr 1.84 -1.889 9.2 (g,p) (14) 11.1 (51) 24 (51)
V999 Sgr 2.811 -2.042 9.4 (B,p) (11) 7.8 (51) 160 (51) 595 (11) 0.15184 (4)
RR Tel 342.163 -32.242 10 (p) (4) 6.8 (51) 670 (84) >2000 (51) 0.1 ± 0.06 (150)
NR TrA 325.932 -7.218 <10.7 (R,V ) 8.59 (119) 4 (91) 22 (91) Fe II (13) 0.219 (4) 0.22 (151)
CN Vel 287.431 5.178 7.6 (V,p) (14) 10.2 (84) 400 (84) >800 (51) 0.2204 (89)
CQ Vel 272.333 -4.895 12 (j,p) (14) 8.9 (15) 50 (15)
LU Vul 64.261 2.022 <11.5 (p) (14) 9.5 (15) 19 (84) 21 (15)
V459 Vul 58.214 -2.167 12.8 (V) (4) 7.57 (152) 18 (153) 30 (153) 910 (154) > 2.2 (6) 0.86 ± 0.12 (153)
Notes: Notes same as in Table 1
∗ Full nova name is MASTER OT J010603.18-744715.8
References: (1) Strope et al. (2010), (2) Sheffer & Krisciunas (1987), (3) Hachisu & Kato (2014), (4) AAVSO database, (5) Tappert et al. (2014), (6) Özdönmez et al. (2016), (7) Hachisu & Kato (2016a), (8) Ohshima et al. (1995), (9) Arkhipova et al. (2002), (10) Pagnotta & Schaefer
(2014), (11) Tappert et al. (2015), (12) Waagen (2012), (13) Walter et al. (2012), (14) Downes et al. (2001), (15) Shafter (1997), (16) Munari et al. (2014), (17) Srivastava et al. (2015), (18) Brosch & Leibowitz (1981), (19) Hachisu & Kato (2016b), (20) Helton et al. (2012), (21)
Klare et al. (1980), (22) Slovak & Vogt (1979), (23) Munari et al. (2008b), (24) Czart et al. (2006), (25) Balman et al. (2009), (26) Chochol et al. (2014), (27) Azaliah et al. (2015), (28) Hounsell et al. (2010b), (29) Hounsell et al. (2010a), (30) Raj et al. (2013), (31) Yamaoka et al.
(2009), (32) Ragan et al. (2009), (33) Selvelli & Gilmozzi (2013), (34) Andrea et al. (1994), (35) Williams (2012), (36) Feast et al. (1991), (37) Szkody & Ingram (1994), (38) Vanlandingham et al. (1996), (39) Shears & Poyner (2007), (40) Wagner et al. (1991), (41) della Valle et al.
(1994), (42) Wagner et al. (1994), (43) Ak et al. (2005), (44) Munari & Dallaporta (2010), (45) in this study, (46) Munari et al. (2017a), (47) Srivastava et al. (2016), (48) Naik et al. (2010), (49) Siviero et al. (2005), (50) Ness et al. (2007), (51) Duerbeck (1987), (52) Orio et al. (2001),
(53) Burlak & Henden (2008), (54) Cavagna et al. (1997), (55) Pojmanski et al. (2004), (56) Naito et al. (2005a), (57) Joshi et al. (2015), (58) Weight et al. (1994), (59) Williams (1994), (60) Chochol et al. (2005), (61) Miroshnichenko (1988), (62) Stringfellow et al. (1992), (63)
della Valle et al. (1993), (64) Venturini et al. (2004), (65) Vanlandingham et al. (2001), (66) Livingston et al. (2001), (67) Fujii et al. (2002), (68) Duerbeck et al. (2002), (69) Kato et al. (2002a), (70) Wagner et al. (2003), (71) Vanlandingham et al. (2007), (72) Kato & Fujii (2003), (73)
Dobrotka et al. (2006), (74) Csák et al. (2005), (75) Ederoclite et al. (2006), (76) Nishiyama et al. (2009), (77) Holdsworth et al. (2014), (78) Rudy et al. (2016), (79) Williams & Darnley (2016), (80) Wesson et al. (2008), (81) Tarasova (2015), (82) Buil & Fujii (2007), (83)
Rodríguez-Gil et al. (2010), (84) Warner (1987), (85) Tappert et al. (2016), (86) Lloyd & Guilbault (2002), (87) Munari et al. (2010b), (88) Diaz & Bruch (1997), (89) Tappert et al. (2013), (90) Waagen et al. (2008), (91) interpolated from AAVSO light curve, (92) Liller et al. (2005b),
(93) Hachisu & Kato (2007), (94) Pojmanski et al. (2009), (95) Pigulski (2009), (96) Mróz et al. (2016b), (97) Rushton et al. (2008), (98) Nakano et al. (2005), (99) Naito et al. (2005b), (100) Russell et al. (2005a), (101) Walter (2011), (102) Malasan et al. (2011), (103) Munari et al.
(2005), (104) Whitelock et al. (1984), (105) Cragg et al. (1983), (106) Diaz & Steiner (1989), (107) Lyke et al. (2003), (108) Schwarz et al. (2011), (109) Senziani et al. (2008), (110) Puetter et al. (2004), (111) Pojmanski et al. (2006), (112) Russell et al. (2006), (113)
Ayani & Murakami (2008), (114) Nakano et al. (2008a), (115) Russell et al. (2008), (116) Nakano et al. (2008b), (117) Helton et al. (2008b), (118) Rudy et al. (2008), (119) from AAVSO light curve, (120) Schmidtobreick et al. (2003), (121) Pereira et al. (2007), (122) Naik et al.
(2009), (123) Naito & Tokimasa (2007), (124) Warner & Woudt (2009), (125) Ness et al. (2008), (126) Read et al. (2008), (127) Fujii (1998), (128) Yamaoka et al. (2007b), (129) Naito et al. (2007), (130) Russell et al. (2007), (131) Nishiyama et al. (2010), (132) Oksanen et al. (2011),
(133) Henize & McLaughlin (1951), (134) Richtler & Liller (1986), (135) Kato et al. (2002b), (136) Munari et al. (2006b), (137) Fujii & Yamaoka (2005), (138) Mazuk et al. (2005), (139) Rudy et al. (1999), (140) Yamaoka & Fujii (2005), (141) Russell et al. (2005b), (142) Selvelli
(2004), (143) Webbink et al. (1987), (144) McNaught et al. (1987), (145) Raj et al. (2011), (146) Raj et al. (2015b), (147) Kinugasa et al. (2009), (148) Banerjee et al. (2016), (149) Mróz et al. (2015), (150) Young et al. (2005), (151) Walter (2015), (152) Munari et al. (2007b), (153)
Poggiani (2010), (154) Nakano et al. (2007c)
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